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Microsimulation Model Parameters

Text here is reproduced with permission from:
Ward ZJ, Barrett JL, Cradock AL, Dupuis R, Lee MM, Long MW, Musicus AA, Gortmaker
SL. Childhood Obesity Intervention Cost-Effectiveness Study (CHOICES) Microsimulation
Model Technical Documentation: Details on Model Parameters (CHOICES v4.6.1).
CHOICES Project Team at the Harvard T.H. Chan School of Public Health, Boston, MA;
March 2023. Available at: https://choicesproject.org/methods/choices-model-technical-
documentation/.

The Childhood Obesity Intervention Cost-Effectiveness Study (CHOICES) microsimulation
model estimates the impact of an intervention strategy to promote healthy weight on population
health outcomes and costs in the United States. The modeling methods and data sources are
described in detail in Gortmaker et al. 2015 Health Affairs, Appendix A3,! available at:
https://www.healthaffairs.org/doi/suppl/10.1377/hlthaff.2015.0631. The CHOICES
microsimulation model continues to use the same general approach, with updated model inputs
and assumptions as noted below to reflect new data available and methodological refinements
made over time.

Population characteristics were updated based on more recent available data, including data from
the 2013-2017 American Community Survey (5-year microdata), 2013-2017 Behavioral Risk
Factor Surveillance System, 2003-2018 National Survey on Children’s Health, and 2011-2016
National Health and Nutrition Examination Survey (NHANES). Lifetime height and weight
trajectories were based on a published analysis of data synthesized from multiple longitudinal
cohort studies.? Population growth was projected based on infant population estimates by state
and by race/ethnicity from the U.S. Census 2010-2018 National Population Projections. Annual
total medical expenditures per person in the simulated population by BMI and age were
estimated based on a published analysis of data from the 2011-2016 Medical Expenditure Panel
Survey (MEPS).2 Health-related quality of life (HRQoL) weights by sex, age group, and weight
status were estimated using published EQ-5D preference weights from a 2006 analysis of the
2000 MEPS,* and utility weights for children were extracted from a meta-analysis of 16 studies.®
See Appendix Table 1 for model assumptions and sources used as of this model version. See
the section “Health-related Quality of Life” for more detail on assumptions about health-related
quality of life.
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Appendix Table 1. CHOICES microsimulation model parameters, v4.6.12

Model parameter

Modeling assumption

Source

Demographic
characteristics: Sex,
race, ethnicity,
census tract, and age

Individuals were sampled randomly within
census tracts to create a simulated population of
1,000,000 children and adults (or the local
population size, if smaller) at model initiation.

U.S. 2010 Census

Demographic
characteristics:
Household income,
poverty ratio, public
school attendance,
and SNAP
participation®

Individual demographic variables not included in
2010 Census were assigned using non-parametric
statistical matching techniques conditional on
age, sex, race, ethnicity, and census tract.

2013-2017 American

Community Survey 5-year

microdata

Adult self-reported
height and weight®

Individual self-reported height and weight were
sampled (with replacement) proportional to
sampling weights and assigned to individuals,
conditional on age, sex, race, ethnicity,
household income, and state. Adjusted for self-
report bias® (see measured height and weight
below).

2013-2017 Behavioral Risk
Factor Surveillance System

Child and adolescent
parent-reported
height and weight®

Individual parent-reported height and weight
were sampled (with replacement) proportional to
sampling weights and assigned to individuals
conditional on age, sex, race, ethnicity,
household income, and state. Recent National
Survey on Children’s Health releases do not
report individual-level BMI, so BMI categories
are used. Adjusted for self-report bias’ (see
measured height and weight below).

2003-2018 National Survey

on Children’s Health

Measured height and
weight, and dietary
intake®

Individual objectively-measured height and
weight were sampled (with replacement)
proportional to sampling weights and assigned to
individuals conditional on age, sex, race,
ethnicity, household income, and self- or parent-
reported height and weight percentile. Food
frequencies and dietary intake were sampled.

2011-2016 National Health
and Nutrition Examination

Survey (NHANES)




Model parameter

Modeling assumption

Source

Lifetime height and
weight trajectories®

Lifetime height and weight trajectories based on
a published analysis of data synthesized from
multiple longitudinal cohort studies.? Quantile
regression used to account for secular trends.
Trajectories calibrated to empirical data and
projections of prevalence of 4 BMI categories
(normal, overweight, obese, and severely obese)
by sex, race/ethnicity and by age groups (2-5, 6-
11, 12-19, 20-39, 40-59, 60-79, 80+)

National Longitudinal
Survey of Youth; National
Longitudinal Study of
Adolescent to Adult Health;
Early Childhood
Longitudinal Study-
Kindergarten; Panel Survey
on Income Dynamics;
NHANES | Epidemiologic
Follow-Up Study; NHANES
1999-2012

Baseline smoking
prevalence and
smoking trajectories

Individual smoking histories modelled based on
initiation and cessation rates from published
estimates.®

2011 Behavioral Risk Factor
Surveillance System; 1965-
2009 U.S. National Health
Interview Surveys

Open population
characteristics®

Infant population estimates were obtained from
the Census for 2010-2018 by state and race
(White, Black, American Indian/Alaska Native,
Asian, Native Hawaiian/Pacific Islander, Two or
more races) and ethnicity (Hispanic/Not
Hispanic). Projections were made using a log-
linear model. Population trajectories were
sampled from the (joint-normal) distribution of
regression coefficients. Trajectories were
independently sampled for the state overall and
for each race.

U.S. Census 2010-2018
National Population
Projections

Baseline mortality
rates

2010 age, sex, and race-ethnicity life tables
adjusted for smoking and BMI based on data
from 527,000 members of the NIH-AARP Diet
and Health Study.®

U.S. 2010 Period Life
Tables; NIH-AARP Diet and
Health Study

BMI-related
mortality reduction
due to intervention

Based on data from 900,000 participants, each 5
BMI unit increase within the range of 25-50 BMI
units was associated with a 30% higher risk of
death (hazard ratio: 1.29; 95% CI: 1.27-1.32).
The estimated hazard ratio was used to shift
individual-level mortality risk due to BMI
reductions compared to the individual’s risk in

the natural history model. Values are available at:

https://doi.org/10.7910/DVN/HOOWKN.

Prospective Studies
Collaborative?®



https://doi.org/10.7910/DVN/H0OWKN

Model parameter Modeling assumption Source

Healthcare costs® Annual total medical expenditures per person in | 2011-2016 Medical
the simulated population by BMI and age based Expenditure Panel Survey
on a published analysis of data.® Values are (MEPS)
available at:
https://doi.org/10.7910/DVN/8720W1.
Health-related HRQoL weights for males and females, age 2000 MEPS; Kwon et al.
quality of life groups (18-25, 25-44, 45-64, 65-74, and >75), 2018 meta-analysis
(HRQoL)® for three BMI categories: 23-25 (normal), 25-30

(overweight), >30 (obesity), using published EQ-
5D preference weights from 2006 analysis of
MEPS 2000.* Utility weights for children
extracted from meta-analysis of 16 studies by
Kwon et al. 2018.° See the section “Health-
related Quality of Life” below for more detail on
assumptions about health-related quality of life.

BMI, body mass index.

2 CHOICES microsimulation model methods and data sources were introduced in Gortmaker et
al. 2015 Health Affairs, Appendix A3,! available at:
https://www.healthaffairs.org/doi/suppl/10.1377/hlthaff.2015.0631. Some model assumptions
and data sources have been updated since introduced to reflect new data available and
methodological refinements made over time.

b Parameter differs from prior publication®

Health-related Quality of Life

One of the important consequences of excess body weight gain is reduced quality of life. We
estimate the quality-adjusted life years (QALYs) for individuals ages 2 years and older in the
simulated population using utility weights from prior studies, along with the estimated time spent
with overweight and obesity. For those ages 18 years and older we used health-related quality of
life (HRQoL) weights based on a published analysis of EQ-5D data from the 2000 Medical
Expenditure Panel Survey,* using published preference weights from a nationally representative
sample.!! These preference weights follow the recommendations of the Second Panel on Cost
Effectiveness in Health and Medicine!? by being scaled from 0 to 1 and based on a time trade off
method. The use of the EQ-5D also aligns with the U.K. National Institute for Health and Care
Excellence (NICE) guidelines.® Across gender and age groups (18-25, 25-44, 45-64, >75 years),
individuals with overweight and obesity had lower HRQoL weights compared to individuals
with normal body weight, and the HRQoL weights declined with age. The decrements in HRQoL
weights associated with obesity compared to those with a BMI of 23-25 kg/m? in this analysis
across age and gender groups ranged from 0.033 to 0.11, indicating lower HRQoL associated
with obesity compared with body weight in the normal range. Another recent meta-analysis of 12
adult studies using a few different HRQoL measures including the EQ-5D found similar
decrements. 4


https://doi.org/10.7910/DVN/872OW1
https://www.healthaffairs.org/doi/suppl/10.1377/hlthaff.2015.0631

For children ages 2-17 years we used results from a recent meta-analysis that calculated the
decrement in HRQoL weights associated with overweight and obesity (compared to the reference
category with BMI 23-25 kg/m?) of 0.015 and 0.032 (i.e., lower HRQoL). Sixteen different
studies were used in the estimation of HRQoL weights for overweight and obesity, using a
variety of measures: the EQ-5D, EQ-5D VAS, AQoL-6D, CHUD9D, HUI2, HUI3.> We also
used the published Muennig et al.* weights by age, gender and BMI category (23-25 kg/m?, 25-
29 kg/m?, 30 kg/m? and above) to predict HRQoL weights for ages 2-17, relying on that fact that
HRQoL weights decline substantially with age. Using the midpoints of the age categories, we fit
linear regressions; these fit well with adjusted R? ranging from 0.97 to 0.99. The predicted
HRQoL weight for ages 2-17 with a BMI in the normal range (not having overweight or obesity)
was 0.980, and the predicted HRQoL weights for this age group indicated decrements associated
with overweight and obesity of -0.020 and -0.034, very similar to the results from the published
meta-analysis.> We thus used the predicted HRQoL weight of 0.980 for children with BMI in the
normal range, and the decrements reported from the meta-analysis of -0.015 and -0.032 to
calculate HRQoL weights for overweight and obesity in the 2-17 age group (see Appendix
Table 2). Incremental quality-adjusted life years were calculated by multiplying these HRQoL
weights by the years spent in these states.

There are limited data concerning the validity of these estimated HRQoL weights associated with
overweight and obesity among different racial/ethnic groups. One study reports HRQoL weights
in an ethnically diverse sample of 10-12-year-old children: the total sample of 4,979 individuals
was 57% Hispanic, 21% Black, and 21% White. They used the HUI3 measure to obtain HRQoL
weights. Results indicate utility decrements similar to other studies: Overweight: -0.01; Obesity:
-0.019; Severe obesity: -0.046.1°

Appendix Table 2. Health-related quality of life weights for adults and children by body mass
index category based on Muennig et al.# and Kwon et al.®

Female Male
BMI Category BMI Category
<25 25-29 30+ <25 25-29 30+

Age (years)

2-17 0.98048 0.96548 0.94848 0.98048 0.96548 0.94848
18-25 0.92516 0.90802 0.88316 0.95445 0.94077 0.91861
25-44 0.91075 0.88203 0.84476 0.92839 0.91870 0.88926
45-64 0.87366 0.83570 0.78697 0.87634 0.87358 0.83674
65-74 0.83138 0.79254 0.72933 0.81771 0.82209 0.77778
>75 0.80139 0.77603 0.69134 0.77192 0.78088 0.72911

BMI, body mass index.



Assumptions about the Effect of the Supermarket Calorie Labeling Policy

Baseline daily consumption of supermarket prepared food subject to the calorie labeling policy

We estimated baseline daily consumption of supermarket prepared food subject to the calorie
labeling policy as the product of 1) the number of calories consumed from supermarket-acquired
foods, 2) the percentage of supermarket-acquired food calories that are from prepared (vs.
packaged) foods, in stores that sell prepared foods, 3) the percentage of supermarkets that sell
prepared foods, and 4) the percentage of supermarkets that are large chain retailers subject to
menu labeling.

1)

2)

Baseline supermarket-acquired food intake was estimated based on authors’ analysis of
NHANES 2015-2018 data. Using Day 1 of the 24-hour dietary recall, we analyzed data
from 15,051 respondents ages 2+ with available sample weights and non-missing
demographic data. We classified foods into store-acquired bakery, entrée, and deli
foods'®!” (see Appendix Table 3) and estimated daily consumption (kcal) for each of
these three food groups by age group, sex, race, and ethnicity (see Appendix Table 4).
We estimated the percentage of supermarket-acquired calories that are from prepared (vs.
packaged) bakery, entrée, and deli foods based on author analyses of two years of sales
data from one large supermarket chain with approximately 180 stores located in the
Northeast and Mid-Atlantic regions of the US, in rural, suburban, and urban areas that are
demographically similar to the US overall population.'®!” We estimated that 28.1% of
bakery, 12.7% of entrée, and 25.5% of deli calories from foods acquired at supermarkets
that sell prepared foods are from prepared (vs. packaged) foods.

We assumed 90% of supermarkets sell prepared foods, based on a national study.'®

We assumed 24% of supermarkets are large chain retailers subject to menu labeling,
based on County Business Patterns data!® and estimates reported by the Food and Drug
Administration (FDA).2° We assumed chain supermarkets, grocery stores, general
merchandise stores, warehouse clubs, and supercenters would be subject to the calorie
labeling policy. Based on County Business Patterns 2018 data (the first year of policy
implementation), there were 64,132 supermarkets and grocery stores (NAICS 44511) and
8,070 general merchandise stores, warehouse clubs, and supercenters (NAICS 45291), for
a total of 72,202 establishments. According to County Business Patterns 2008 data
reported in the FDA’s Regulatory Impact Analysis for the final calorie labeling rule,?
17.7% of supermarkets and grocery stores (11,200 out of 63,384) and 72.5% of general
merchandise stores, warehouse clubs, and supercenters (3,200 out of 4,411) were chain
establishments. Applying these percentages to the number of establishments in 2018, we
estimate that 17,186 supermarkets, or 24%, are chain establishments (64,132 * 17.7% +
8,070 * 72.5% = 17,816 chain supermarkets; 17,816 / 72,202 = 24% of supermarkets are
large chain retailers).



Appendix Table 3. Food category descriptions and examples

Category | Description Examples
Bakery Baked goods including muffins, pastries,| e Muffins, donuts, cookies, bagels,
items bagels, biscuits, cookies, cakes, sweet

breads, cupcakes, and rolls

biscuits, sweet breads, cakes,
cupcakes, rolls

Entrees and
sides

Main course items or side
dishes/appetizers

Entrees including stir fry, pasta,

chicken, fish, hamburgers, sushi,
sandwiches, pizza, soup; salads;

sides including mashed potatoes,
vegetables

Deli items

Sliced meats and cheeses

Deli meats (turkey, ham, salami,
etc.); sausages; cheeses (American
cheese, Swiss, cheddar, etc.)

Note. Definitions were adapted from prior studies.t’:2



Appendix Table 4. Daily consumption of supermarket-acquired foods in the US, by age, sex, race, and
ethnicity

Age, sex, and racial and ethnic Calories from Calories from Calories from
group bakery items entrees deli items n
A ex Racg & Mean SE Mean SE Mean SE
(years) ethnicity
2-4 M Black NH 75.76 20.19 504.90 52.97 17.84 4.95 106
2-4 M Hispanic/Latino | 131.83 31.57 473.98 40.90 17.22 4.91 118
2-4 M White NH 130.66 21.41 498.87 46.57 32.77 5.49 161
2-4 M Other NH 76.00 17.91 605.74 93.93 17.27 5.73 81
2-4 F Black NH 60.79 9.46 555.94 54.05 16.15 6.18 96
2-4 F Hispanic/Latino 80.88 18.21 454.61 38.69 18.09 5.93 127
2-4 F White NH 75.80 17.75 421.43 40.01 28.35 3.70 176
2-4 F Other NH 102.18 37.50 427.49 42.04 23.94 12.52 75
5-11 M Black NH 113.13 24.92 578.23 47.39 16.39 5.55 232
5-11 M Hispanic/Latino | 104.37 15.25 581.45 34.07 5.58 1.85 307
5-11 M White NH 133.02 14.58 637.58 38.37 36.02 7.23 327
5-11 M Other NH 107.58 22.33 630.48 62.89 43.06 16.62 171
5-11 F Black NH 124.22 13.10 517.36 39.17 14.00 4.70 246
5-11 F Hispanic/Latino 93.44 12.69 508.45 37.49 8.77 247 346
5-11 F White NH 89.80 14.57 549.54 39.11 16.22 3.49 314
5-11 F Other NH 121.77 24.19 709.52 45.04 11.10 2.80 170
12-19 M Black NH 101.89 20.66 650.37 50.09 7.26 2.83 252
12-19 M Hispanic/Latino 82.59 16.21 535.89 56.22 10.92 4.28 325
12-19 M White NH 131.76 29.93 689.33 51.99 7.36 1.82 342
12-19 M Other NH 70.52 19.19 696.65 63.87 14.16 4.64 221
12-19 F Black NH 93.74 14.50 509.30 35.27 10.71 2.16 254
12-19 F Hispanic/Latino 86.80 14.36 458.78 25.85 7.82 3.65 350
12-19 F White NH 80.59 13.12 475.36 28.79 9.46 3.15 311
12-19 F Other NH 112.95 19.17 571.43 51.07 7.87 3.08 185
20-39 M Black NH 82.94 21.30 701.29 52.92 11.46 3.20 307
20-39 M Hispanic/Latino 77.87 15.02 782.76 57.52 9.08 2.57 411
20-39 M White NH 69.06 9.96 774.07 47.96 19.22 4.60 467
20-39 M Other NH 87.58 13.63 822.41 63.87 16.25 4.59 289
20-39 F Black NH 86.60 21.36 531.24 37.01 11.90 2.49 375
20-39 F Hispanic/Latino | 109.77 16.20 630.78 26.73 12.03 3.62 453
20-39 F White NH 67.67 7.37 628.11 26.34 15.80 3.53 512
20-39 F Other NH 89.86 23.12 700.03 47.24 7.93 1.77 302
40-59 M Black NH 105.18 13.87 677.53 35.82 23.78 4.61 331
40-59 M Hispanic/Latino | 106.97 13.96 820.95 45.10 24.98 6.77 359
40-59 M White NH 98.35 17.72 790.93 34.99 22.27 4.65 485
40-59 M Other NH 138.39 23.62 847.94 67.32 19.80 8.16 307
40-59 F Black NH 96.26 16.72 605.12 30.76 9.48 2.65 412
40-59 F Hispanic/Latino | 106.58 10.99 675.39 43.61 1252 2.84 493
40-59 F White NH 60.20 11.33 591.37 26.70 17.23 4.17 487
40-59 F Other NH 72.45 13.95 702.63 43.28 17.10 11.38 273
60+ M Black NH 146.59 19.00 730.30 31.47 25.60 4.65 396
60+ M Hispanic/Latino | 138.92 18.28 730.30 40.66 19.48 5.48 421
60+ M White NH 140.66 12.04 846.10 38.43 17.11 2.96 762
60+ M Other NH 116.39 19.02 852.50 64.19 8.64 3.22 187
60+ F Black NH 103.82 11.68 594.45 33.61 26.44 7.26 367
60+ F Hispanic/Latino | 102.44 12.96 664.20 28.57 13.66 2.91 463
60+ F White NH 118.92 11.23 615.32 23.41 17.16 2.75 692
60+ F Other NH 98.44 22.12 670.99 55.52 10.58 3.93 207

Abbreviations. Black, NH — Black or African American, not Hispanic or Latino. Other, NH — all other races, not
Hispanic or Latino. White NH — white, not Hispanic or Latino.

Table shows the weighted average of unconditional mean (i.e., including those with zero consumption) daily
calories from supermarket-acquired bakery, entrée, and deli items among respondents ages 2 and older in the



2015-2018 National Health and Nutrition Examination Survey. The sample included 15,051 people ages 2 and
older who had available sample weights and non-missing dietary and demographic data.



Appendix Table 5. Estimated cases of overall and childhood obesity in 2027 following a national supermarket calorie labeling policy, by
race, ethnicity, and income as a percent of the Federal Poverty Level (FPL)

Overall obesity

Overall obesity

Cases prevented
per 100,000,
point estimate
(95% Ul)

Ratio of relative
reduction,
point estimate
(95% UI)

Childhood obesity

Cases prevented
per 100,000,
point estimate
(95% Ul)

Ratio of relative
reduction,
point estimate
(95% UI)

By race and ethnicity
Black or African American, not Hispanic or Latino
Hispanic or Latino
White, not Hispanic or Latino
All other races, not Hispanic or Latino
By income as a percent of the FPL
0% to 130% FPL
131% to 185% FPL
186% to 350% FPL
351% FPL and higher

6.17 (4.60, 7.70)
7.40 (5.73, 9.15)
7.22 (5.97, 8.55)
5.59 (3.78, 7.79)

6.30 (4.95, 7.50)
6.50 (4.87, 8.13)
7.09 (5.59, 8.86)
7.42 (5.94, 9.02)

0.85 (0.67, 1.06)
1.02 (0.82, 1.27)
Ref
0.77 (0.54, 1.08)

0.85 (0.67, 1.06)

0.88 (0.67, 1.11)

0.96 (0.77, 1.18)
Ref

4.02 (1.63, 6.72)
6.46 (3.77, 10.10)
5.66 (3.82, 7.77)
4.74 (1.78, 9.67)

5.53 (3.51, 7.48)
5.65 (3.14, 9.08)
5.75 (3.37, 8.18)
5.35 (3.24, 7.59)

0.71 (0.31, 1.37)
1.14 (0.64, 1.87)
Ref
0.84 (0.34, 1.70)

1.03 (0.70, 1.65)

1.06 (0.58, 2.03)

1.08 (0.64, 1.88)
Ref

Abbreviations. FPL, Federal Poverty Level; Ul, uncertainty interval.



Appendix Table 6. Estimated costs to implement a national supermarket calorie labeling

policy by payer and activity, 2018-2027

10-year
implementation Percent of
cost per person Costs

Payer (2019 USD)Emor!

Activity (resou I’CG) Bookmark not defined.
Federal Government

Manage rollout of supermarket calorie labeling and

communicate policy change to supermarket chains <$0.001 <1%

(Time of Food and Drug Administration staff)

Total <$0.001 <1%
Supermarket Chains

Review rule requirements (Time of legal analyst) $0.001 <1%

Analyze nutrient content for prepared food items (Time

of dietitian; Database costs) 3048 88%

Replace menus and menu boards to comply with the

policy (Time of supermarket chain employees; Material $0.06 11%

costs of printed menus and menu boards)

Total $0.54 >99%
Local Government

Monitor compliance with the calorie labeling policy

(Time of public health department inspectors) $0.002 <1%

Total $0.002 <1%
Total $0.54 100%

Note. Costs are discounted at 3% annually. VValues may not sum to totals due to rounding.
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