1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Prev Med. Author manuscript; available in PMC 2022 March 31.

-, HHS Public Access
«

Published in final edited form as:
Am J Prev Med. 2015 July ; 49(1): 112-123. doi:10.1016/j.amepre.2015.03.004.

Cost Effectiveness of a Sugar-Sweetened Beverage Excise Tax
in the U.S.

Michael W. Long, ScD, Steven L. Gortmaker, PhD, Zachary J. Ward, MPH, Stephen C.
Resch, PhD, Marj L. Moodie, DrPH, Gary Sacks, PhD, Boyd A. Swinburn, MD, Rob C. Carter,
PhD, Y. Claire Wang, MD, ScD

Department of Social and Behavioral Sciences (Long, Gortmaker), Center for Health Decision
Science (Ward, Resch), Harvard T.H. Chan School of Public Health, Boston, Massachusetts;
Department of Health Policy and Management (Wang), Mailman School of Public Health,
Columbia University, New York, New York; Deakin Health Economics (Moodie, Carter), WHO
Collaborating Centre for Obesity Prevention (Sacks, Swinburn), Deakin University, Melbourne,
Victoria, Australia; and Section of Epidemiology and Biostatistics, the School of Population Health
(Swinburn), University of Auckland, New Zealand

Abstract

Introduction: Reducing sugar-sweetened beverage consumption through taxation is a promising
public health response to the obesity epidemic in the U.S. This study quantifies the expected health
and economic benefits of a national sugar-sweetened beverage excise tax of $0.01/ounce over 10
years.

Methods: A cohort model was used to simulate the impact of the tax on BMI. Assuming ongoing
implementation and effect maintenance, quality—adjusted life years gained and disability—adjusted
life years and healthcare costs averted were estimated over the 2015-2025 period for the 2015
U.S. population. Costs and health gains were discounted at 3% annually. Data were analyzed in
2014,

Results: Implementing the tax nationally would cost $51 million in the first year. The tax would
reduce sugar-sweetened beverage consumption by 20% and mean BMI by 0.16 (95% uncertainty
interval [U1]=0.06, 0.37) units among youth and 0.08 (95% UI=0.03, 0.20) units among adults

in the second year for a cost of $3.16 (95% UI=$1.24, $8.14) per BMI unit reduced. From 2015
to 2025, the policy would avert 101,000 disability-adjusted life years (95% UI=34,800, 249,000),
gain 871,000 quality-adjusted life years (95% U1=342,000, 2,030,000), and result in $23.6 billion
(95% U1=$9.33 billion, $54.9 billion) in healthcare cost savings. The tax would generate $12.5
billion in annual revenue (95% U1=$8.92, billion, $14.1 billion).

Conclusions: The proposed tax could substantially reduce BMI and healthcare expenditures
and increase healthy life expectancy. Concerns regarding the potentially regressive tax may be
addressed by reduced obesity disparities and progressive earmarking of tax revenue for health
promotion.
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Introduction

Although consumption has declined in recent years, children and adults in the U.S.

consume twice as many calories from sugar-sweetened beverages (SSBs) compared to 30
years ago.1 Observational studies and RCTs have linked SSB consumption to excess
weight gain, diabetes, and cardiovascular disease.> Consumption of SSBs increases the risk
of chronic diseases through its impact on BMI and other mechanisms.> 8 The Dietary
Guidelines for Americans, 2010" recommend that individuals reduce intake of SSBs in order
to manage their body weight.

Drawing on the success of tobacco taxation and decades of economic research,8-19 public
health experts have called for higher taxes on unhealthy food and beverages.® 11 In 2009, the
IOM recommended that local governments implement tax strategies to reduce consumption
of “calorie-dense, nutrient-poor foods,” emphasizing SSBs as an appropriate target for
taxation.12 As of January 2014, a total of 34 states applied a sales tax on carbonated
beverages, with an average tax rate of 5.2%.13 In 2013, one city and 12 states considered
legislation to increase SSB taxes, although none passed.* The city of Berkeley, California,
became the first city to pass a $0.01/ounce SSB excise tax in November 2014.15 Although
large SSB excise taxes have not been implemented in the U.S., other countries have
implemented them, albeit generally of smaller size.1® Mexico implemented a 1 peso/liter
excise tax on SSBs in January 2014, which preliminary analyses suggest resulted in a 10%
reduction in SSB purchases.!’

Although evidence regarding the empirical associations among beverage prices, the current
low tax rates, consumption, and BMI has been mixed, 18-20 3 number of studies have
found that higher beverage taxes and prices are linked to significantly lower BM|.18. 21-23
Moreover, recently proposed tax strategies differ in many ways from existing sales taxes.
First, they would be implemented as per-volume, or specific excise taxes, which provide
more visible and consistent price signals to consumers through incorporation into shelf
prices.24 Excise taxes are generally imposed on the manufacturers, in contrast to sales taxes
that are collected from the consumer at purchase.2> Specific excise taxes, as opposed to ad
valorem excise taxes, are imposed on the volume produced or distributed instead of on the
sales price. Second, they exclude diet soft drinks included in many current sales taxes.18
Third, current sales taxes often apply only to a subset of SSBs, such as carbonated sodas,
which excludes important categories of SSB intake such as sports drinks and fruit drinks.
Most importantly, the proposed excise tax of $0.01/ounce of SSBs would result in a 16%
price increase, substantially higher than current tax rates.

Building on previous analyses,26-29 this is the first study to estimate the cost effectiveness
of implementing a $0.01/ounce SSB excise tax in the U.S. by estimating both the cost
and impact of the change in BMI on reduction in healthcare expenditures, life years lost,
disability—adjusted life years (DALY's) averted, and quality—adjusted life years (QALYS)
gained. The policy, political, and ethical implications of this economic evaluation are
systematically situated within the broader debate in the U.S. over policy approaches to
curb the obesity epidemic.

Am J Prev Med. Author manuscript; available in PMC 2022 March 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Long etal.

Methods

Page 3

A national specific excise tax of $0.01/ounce of SSBs was modeled based on recent
proposals under consideration by federal, state, and local governments (SSBs include all
beverages with added caloric sweeteners as defined in the Appendix).3%-32 The intervention
was modeled as an additional tax over and above existing sales and excise tax rates (adjusted
for inflation annually). The excise tax does not apply to 100% juice, milk products, or
artificially sweetened beverages. The comparator for this intervention was current practice.
Baseline consumption of SSBs, milk, and juice was estimated by age group and gender
from the 2011-2012 National Health and Nutrition Examination Survey (NHANES), taking
into account sampling weights and the clustered sampling design (Table 1).3 Average daily
consumption of SSBs was 150 kcal/day.

Modeling Framework

This analysis was based on a modeling framework developed by collaborating researchers
from the Harvard School of Public Health, Columbia Mailman School of Public Health,
Deakin University, and University of Queensland in Australia. The current model adapted
the Australian Assessing Cost-Effectiveness (ACE)-Obesity33 34 and ACE-Prevention3®
framework to the U.S. context and followed the reporting recommendations from the U.S.
Panel on Cost-Effectiveness in Health and Medicine.38 Health gains expected from the tax,
including changes in BMI, reductions in disease burden and healthcare expenditures, DALY's
averted, and QALY gained over 10 years were estimated using a Markov cohort model. The
model was based on a spreadsheet developed for ACE Prevention replicated in a compiled
programming language (JAVA) using U.S. inputs for population characteristics, disease
burden, and healthcare costs. The model simulated the 2015 U.S. population aged =2 years
at baseline and followed them for 10 years until death or age 100 years. Based on estimated
changes in population mean BMI and obesity rates for each 5-year age and gender group
as a result of the intervention, the model predicted downstream changes in stroke, ischemic
heart disease, hypertensive heart disease, diabetes mellitus, osteoarthritis, post-menopausal
breast cancer, colon cancer, endometrial cancer, and kidney cancer—major diseases that
have been linked to obesity. The model then estimated the resulting difference in life
expectancy and disability-adjusted life expectancy of the cohort under the no-intervention
and intervention scenario. QALY's gained were estimated based on shifts in overweight and
obesity prevalence using published estimates of the relationship between BMI and QALY
by age and sex for adults.3”

The model also estimated differences in healthcare expenditures with and without the
intervention based on differences in healthcare costs among children and adults with

and without obesity.38 These healthcare costs were based on analyses of the Medical
Expenditure Panel Survey and are reported as net present value discounted at 3% per
year. Additional details on the modeling framework are reported in the overview paper by
Gortmaker et al.39

In addition, key implementation and equity considerations3# relevant to policymakers and
consumers were qualitatively evaluated by a stakeholder group including U.S. policymakers,
policy researchers, nutrition and physical activity researchers, and programmatic experts.
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The following implementation considerations were considered: level of evidence, equity,
acceptability, feasibility, sustainability, side effects, and social and policy norms.

Assessment of Benefit

Based on beverage price data from Powell and colleagues,*0 the proposed tax of $0.01/ounce
in 2014 dollars would increase prices by approximately 16% (Appendix). The price-induced
change in SSB consumption was calculated based on a review of beverage demand elasticity
by Powell et al.,*1 which reported an average soft drink own-price elasticity of —1.21

(range, —0.69 to —3.87). Change in BMI from reducing SSB consumption in response to the
estimated tax-induced price change was based on four large studies in adults*2-45 (0.21-0.57
BMI units/12-ounce serving), and a recent double-blind, placebo-controlled trial in youth46
(1.01 kg/8-ounce serving). Using observed change in BMI from reductions in SSB intake
inclusive of all dietary and physical activity changes, these studies incorporated substitution
for all other foods and beverages as well as any changes in physical activity. To account for
the time lag in weight change following changes in energy balance,*” no benefits of BMI
reduction were estimated during the first year of intervention. The benefits of the full effect
of the intervention on BMI were modeled in Years 2-10. With sustained tax implementation
over the 10-year period, the tax was assumed to result in sustained reductions in SSB intake
and BMI at the population level. Additional detail on the logic model linking the tax to
changes in BMI is in the Appendix.

Costs of Intervention

The cost of implementing the proposed tax was estimated from a societal perspective (i.e.,
taking into account costs and benefits for all members of society) for the 2015-2025 period
for the 2015 U.S. population using administrative data from two states operating soft drink
excise taxes (West Virginia and Washington) (Appendix Table 5). The costs and labor
associated with tax compliance by the beverage industry were assumed to be equal to the
cost of administration reported by the government. We did not identify any literature on
the cost of compliance with excise taxes. However, parallel evidence regarding costs of
administration and compliance with sales taxes, which are expected to be more expensive
to administer than the SSB excise tax given the limited number of bottlers and distributors
in each state, supports the assumption that costs of administration and compliance are
equivalent. A 2006 study found that large retailers (similar to bottlers and distributors
subject to the proposed excise tax) reported compliance costs for sales taxes equal to 1%
of tax collected excluding credit card fees and unrecovered taxes.*® As a comparison,

the California State Board of Equalization responsible for collecting sales taxes reported
administrative costs of 0.95% of sales tax revenue in 2012-2013.49 Although tax revenues
were not part of the economic analysis because they are transfer payments with no net
impact on societal costs,%0 expected annual revenue was calculated from the tax to inform
the ongoing policy debate.

Cost-Effectiveness Analysis

Short-term cost effectiveness was estimated in terms of cost per BMI unit reduced over 2
years. We estimated cost per BMI based on the national cost of implementation over 2 years
divided by either total BMI units reduced for the overall population, or by only the effects
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in youth. BMI-related health benefits and healthcare cost reductions were also estimated
over 10 years, with no benefits estimated during the first year of implementation. The
incremental cost-effectiveness ratios were calculated by dividing the difference in net costs
by the difference in net effectiveness, comparing the intervention with the control scenarios
using cost per BMI unit reduced, cost per life-year (LY) saved, cost per DALY averted, and
cost per QALY gained.

Sensitivity Analyses

Results

Probabilistic sensitivity analyses were conducted by simultaneously sampling all parameter
values from predetermined distributions using Monte Carlo simulations (Table 2). Means
and 95% uncertainty intervals (Uls) for BMI effects and implementation costs were reported
based on 10,000 iterations of the model using @Risk, version 6. Impacts on healthcare cost
savings, LYs, DALYs, and QALY were estimated based on 1 million iterations of the model
developed in a compiled programming language. Data were analyzed in 2014.

Model uncertainty was assessed by modifying the primary scenario with alternative logic
pathways. In the primary scenario, BMI changes from reduced SSB consumption were
modeled directly based on a review of the literature. In secondary and tertiary scenarios,
expected BMI effects were estimated through change in total energy intake based on work
by Hall and colleagues.*”- 51 In the secondary scenario, change in total energy intake

from a reduction in SSB consumption was estimated based on crossover feeding trials and
observational studies of diet and energy intake, which accounted for any substitution to
other foods and beverages but did not incorporate changes in physical activity or longer-term
substitution patterns captured in the primary scenario. In the tertiary scenario, changes

in total energy intake were estimated based on cross-price elasticities for milk and juice
identified in a recent review.4! This approach explicitly modeled potential substitution

to other caloric beverages. Inputs for the two alternative scenarios are discussed in the
Appendix.

Additional sensitivity analyses were conducted (Appendix). The assumed tax “pass-through”
rates varied from 50% to 150%, in which beverage companies may decide to raise the price
of SSBs by less or more than the cost of the imposed tax. The lowest own-price elasticity
from the systematic review by Powell et al.#1 was used (-0.69) to estimate the lower bound
of predicted change in consumption. An alternative program cost assumption was tested
based on previous tobacco excise tax implementation (3% of tax revenue).52

Implementing a national excise tax of $0.01/ounce of SSBs was estimated to cause a 20%
(95% UI=11%, 43%) reduction in baseline consumption. For men aged 20-29 years, the
group with the highest consumption level, consumption of SSBs would decrease from

273 kcal/day to 219 kcal/day (Table 1). At full effect, this change would reduce BMI by
an average of 0.08 (95% UI1=0.03, 0.20) kg/m? among adults and 0.16 (95% U1=0.06,
0.37) kg/m? among youth (Table 3), and lead to an estimated 0.99% decrease in obesity
prevalence among adults (obesity defined as BMI >30) and a 1.38% decrease among youth
(obesity defined as =95th percentile of age- and sex-specific BMI).53: 54 The intervention
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would cost $51 million the first year and $430 million (95% UI=307 million, 552 million)
over 10 years of implementation. Over the first 2 years, the intervention would cost $3.16
(95% Ul=$1.24, $8.14) per BMI unit reduced across the entire population, or $8.54 (95%
UI=$3.33, $24.2) per BMI unit reduced among youth, assuming full costs of implementation
but only considering benefits in youth.5®

Over the 2015-2025 period, for the 2015 U.S. population the intervention would save
32,300 (95% UI=11,100, 80,100) LYs, avert 101,000 (95% UI=34,800, 249,000) DALYsS,
and lead to 871,000 (95% UI=342,000, 2,030,000) QALYs gained. The reductions in BMI
would result in a mean estimated $23.6 billion (95% UI=$9.33 billion, $54.9 billion)
reduction in total healthcare costs over 10 years for the 2015 cohort. For every dollar
invested, the intervention would result in $55.0 (95% UI=$21.0, $140.0) in healthcare cost
savings. The intervention was “cost saving,” as it would result in both savings in DALY or
increase in QALY and reduction in total costs compared to current practice. The proposed
intervention would remain cost saving across a wide range of input parameter values (Table
4). The tax was estimated to be cost saving across all scenarios beginning in Year 2.

Although not considered a benefit in our cost-effectiveness analyses, from the government’s
perspective, the national excise tax would generate an estimated $12.5 billion (95%
UI=$8.92 billion, $14.1 billion) in annual revenue in 2014 dollars, or $12.48 billion net
revenue.

A summary of stakeholder discussions regarding implementation and equity considerations
is presented in Table 5.56-59 The stakeholders placed significant weight on the potential of
the intervention to shift public awareness and social and policy norms leading to healthier
beverage intake. Stakeholders emphasized that the proposed intervention would also lead to
substantial additional reductions in diabetes, heart disease, and dental disease not modeled
in this study.® 60-62 However, the tax could lead to a backlash against public health
intervention due to current anti-tax sentiment in the U.S.63

Discussion

This is the first cost-effectiveness analysis of an excise tax on SSBs as a tool for reducing
BMI, healthcare costs, health burden, and excess mortality in the U.S. In the short term, the
policy is estimated to be a low-cost strategy to achieve small but meaningful reductions in
BMI in both adults and children. Implementing the proposed tax would likely be cost saving
to address the obesity epidemic while also generating substantial revenue that could be used
for health promotion.

Some researchers have argued that individuals could compensate for a tax by increasing
consumption of other food and beverages, thus entirely offsetting the caloric benefit of
reducing SSB intake.18: 20 Conversely, another simulation study assumed that tax-induced
reductions in SSB intake will not result in any caloric compensation.®4 The empirical
association between SSB prices (included tax-driven price changes) and BMI supporting this
argument is inconsistent. One repeated cross-sectional study estimated a significant 0.003
BMI unit reduction per 1% increase in soft drink tax rates, which would lead to an estimated
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reduction of 0.05 BMI units from a 16% tax, near the lower bound of the uncertainty
interval in this study.18 In a repeated cross-sectional analysis, the same authors estimated
non-significant BMI differences among adults and youth with a 1%-higher tax rate.18: 20
Powell and colleagues® found non-significant associations between state soda tax rates and
overall youth BMI.

However, studies that used stronger designs incorporating within-person change-predicting-
change analyses have found significant associations between higher soft drink prices and
lower weight in youth and adults.?2 One study found that a 10% price increase for
carbonated beverages led to a 0.42% decrease in average child’s BMI.23 This corresponds to
a 0.13 BMI unit reduction given a modeled 16% price increase, which is very similar to the
0.16 change estimated in this study.

Regarding the potential magnitude of compensatory consumption, a double-blind, placebo-
controlled randomized trial by de Ruyter et al.#6 provides strong evidence for some, but far
from complete, compensation. Randomization to consume 104 kcal/day of SSBs resulted in
a 1-kg greater weight gain after 18 months, approximately 70% of what might be expected
over this time period among children aged 8 years if there was no compensation.>! These
results suggesting small compensatory effects are consistent with two other randomized
trials in youth that replaced SSBs with free non-caloric beverages.5°: 66 Estimates of the
impact of a change in SSB intake on weight from change-in-change studies among adults
used in the present analysis found evidence of greater compensation. Mozaffarian and
colleagues®? found that each additional serving of SSBs was associated with a 1.32-pound
greater weight gain over 4 years, less than 10% of what would be expected if there was

no compensation.*3: 47 At the other end of the range modeled in this study, Chen et

al.*2 found that each additional serving of SSBs was associated with a 3.6-pound greater
weight gain, about 40% of what would be expected with no compensation. So, although
we agree that individuals will compensate in part for changes in SSB intake resulting from
increased relative SSB prices, and explicitly incorporate compensation into our model, the
best evidence does not suggest complete compensation.

The proposed tax is estimated to generate $12.5 billion/year in tax revenue in 2015, similar
to the $13.8 billion estimated in another analysis using industry sales data from 2008,57
and the analysis from the Congressional Budget Office, which calculated that a federal
excise tax of $0.03/12 ounces of SSBs would generate $4.7 billion in 2010.58 Arguments
against a SSB tax, frequently made by groups supported by the beverage industry, focus

on the potential regressive effect of the tax.%3: 69 Though several studies have estimated

a lower price elasticity and potentially higher relative tax burden among low-income
households,’0 71 empirical research indicates that SSB taxes pose a greater health benefit
to children who are already overweight, African American children, and children living in
low-income households,?! thereby reducing disparities in obesity. Nevertheless, the impact
of the proposed intervention was not evaluated by race/ethnicity, income level, or weight
status.

Previous industry-sponsored studies have highlighted the potential loss of jobs to industry
as a result of excise taxes on SSBs.%7 In a recent analysis, Powell and colleagues’? found
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that although implementing SSB taxes in California and Illinois would lead to job losses
in the beverage industry, SSB taxes would lead to a slight increase in overall employment
due to offsetting employment increases in non-beverage industry and government. Given
the success of beverage industry marketing efforts to date, it is likely that a shift in
marketing expenditures toward products not subject to the proposed excise tax on SSBs
would counteract the projected impact on beverage industry revenue and employment.

It could be argued that a reduction in SSB consumption as a result of the proposed SSB

tax would reduce consumer surplus due to the lost pleasure gained from drinking SSBs

and that this cost should be included in the present analysis. Recent cost-benefit analyses
conducted by the U.S. Food and Drug Administration reduced the expected societal benefits
of public health policies by half due to lost consumer surplus.”® 74 We do not believe

that current consumer decisions regarding SSB intake meet the assumptions underlying a
potential lost consumer surplus analysis of perfectly rational decision makers operating with
full information, accurate foresight, and stable time preferences.”® 76 Most importantly,
given the emerging evidence linking SSB intake to a range of negative health outcomes,

it is unlikely that consumers are making fully informed decisions about the risks of

SSB intake. This is particularly true for children and adolescents who are repeatedly
exposed to emotionally based SSB advertisements and may become addicted to caffeine
and sugar in SSBs before they are capable of fully understanding the long-term risks of SSB
consumption.””

Our analysis highlights the importance of several key uncertainties. Although this model’s
estimate of the relationship between SSB intake and BMI is based on a double-blind,
placebo-controlled trial in youth and four large observational studies in adults, there is a
need for additional RCTs and evaluations of environmental interventions. It is also possible
that the relationship between changes in SSB intake and BMI from the trials in youth and
observational data in adults may not generalize to tax-induced changes in SSB intake in a
free-living population. To address uncertainty in this relationship, we conducted sensitivity
analyses using both short-term energy intake studies and econometric analyses of beverage
demand systems, the latter of which more closely approximates price-induced changes in
total energy intake from beverages. The results of these analyses are consistent with our
primary scenario.

As with all similar simulation models, the model results represent the best estimate of

a potential effect in the absence of stronger direct evidence. For some model variables
there is limited evidence to estimate the effect of the tax, such as predicting the effective
price increase resulting from the tax and whether consumers would respond to the tax by
shifting to larger container sizes or lower-priced generic SSB brands. However, given that
the proposed specific excise tax is per volume rather than cost, it should not encourage a
shift to cheaper store brands and to larger serving sizes, as a sales tax would likely initiate.
In fact, the relative tax-induced price increase will likely be greater for store brands and for
larger containers than the average increase included in this model.

Despite these limitations, this analysis provides a conservative estimate of the potential
benefits of the intervention. The model relies on BMI-mediated health effects and healthcare
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costs and does not incorporate additional expected reductions from reduced SSB intake in
metabolic diseases, cardiovascular risk factors, dental caries, or bone fractures.8 6062 |n a
previous analysis, Wang et al.2? estimated that, independent of its effect on BMI, a $0.01/per
ounce SSB tax would reduce diabetes incidence by 2.6% among adults aged 25-64 years.
The reduction in diabetes incidence independent of weight loss accounted for more than
half of the total healthcare cost savings in that analysis. The model in this study also
excludes potential health gains from earmarking tax revenues to health promotion. Previous
tobacco control efforts demonstrate the potential impact of earmarking SSB tax revenue

to obesity prevention: CDC reported in 2007 that almost 90% of funding for state and

local tobacco prevention programs came from excise taxes and tobacco settlement funds.”®
Perhaps most importantly, the model does not incorporate indirect costs of obesity due to
reduced productivity, increased absenteeism, disability, and early retirement or mortality,
which means that the societal savings from the intervention are likely to be substantially
underestimated.”® 80 Although the societal savings of the proposed policy are potentially
large, the policy may reduce profits in the beverage industry if they are not able to increase
sales among unsweetened alternatives.

Conclusions

In the short term, the proposed SSB tax policy would likely reduce excess weight among
both youth and adults while increasing potential revenue for health promotion. Over 10
years, the policy would likely reduce healthcare expenditures and increase healthy life
expectancy. Implementing the tax could also serve as a powerful social signal to reduce
sugar consumption through additional individual behavioral and policy changes. This paper
provides important new information to policymakers and the public regarding the substantial
savings in both human health and government expenditures that could be achieved by the
proposed tax on SSBs.
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This appendix describes the data used to estimate the impact of the proposed excise tax

of 1 cent per ounce of sugar-sweetened beverages (SSBs) on BMI, revenue, and cost. The
model relied on a range of published and unpublished data to calculate each step in the logic
model proposed in Appendix Figure 1. Key model variables used in scenario and sensitivity
analyses are listed in Appendix Table 1.
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Description of Primary Scenario

Current Sugar-Sweetened Beverage Consumption

Methods used to estimate consumption of SSBs, juice, and milk based on 24-hour recall
data from the National Health and Nutrition Examination Survey (NHANES) 2011-2012

are described elsewhere.82 A complete description of the sampling and data collection
methods used in the survey can be found on the National Center for Health Statistics website
(www.cdc.gov/nchs/nhanes.htm). Beverages used to extract SSB consumption data from

the NHANES survey included the following: sodas, fruit drinks, sport drinks, low-calorie
drinks, and other beverages that contain added caloric sweeteners.? Sport drinks include all
beverages with added sugar marketed for rehydration for athletes. Fruit drinks include all
fruit drinks, fruit juices, and fruit nectars with added sugar. Sodas include all carbonated
beverages with added sugar. Other SSBs include sweetened tea, rice drinks, bean beverages,
sugar cane beverages, horchata, nonalcoholic wines/malt beverages, etc. SSBs exclude 100%
juice, milk products, and artificially sweetened beverages. We estimated the consumption

in kilocalories per day (kcal/day) using data reported by NHANES. Daily consumption in
grams was converted to consumption in fluid ounces using gram-to-fluid ounce conversion
factors for each beverage item included in the USDA Food and Nutrient Database for
Dietary Studies (FNDDS), 5.0 and 2011-2012.83. 84 Daily consumption data in fluid ounces
per day (ounce/day) and kcal/day are reported with standard errors in Appendix Table 2.

Impact of Tax on Price to Consumers

In a fully competitive market, prices increase by exactly the amount of a new tax.8® In the
real world, a given tax may not be fully reflected in the price (e.g., a 10% excise tax may
result in less than or greater than a 10% increase in the price). Besley and Rosen presented

a model showing that the degree of cost shifting from taxation differs by commodity group,
and that a $0.10 tax on soda in local U.S. markets would result in a more than $0.20 increase
in prices.8! In a working paper published by the Bank of France, Berardi et al. report that
after six months the 6% excise tax on sweetened beverages was passed through fully on
soda, but only 85% for flavored water and 60% for fruit drinks.86 More recently, it was
reported that Coca-Cola Femsa planned to increase SSB prices by 16% in response to the
one peso per liter SSB excise tax (which was expected to raise prices by 10% if passed on
fully) imposed by Mexico in January 2014, beginning in November before implementation
of the tax.8” This study used a conservative estimate that the full effect of the tax increase

is passed on to consumers, without any over-shifting, which is in line with U.S. beverage
industry reports.2” As is the case in some states with tobacco excise taxes, states could enact
legislation requiring beverage companies to pass on the full cost of the tax increase.88

The expected percent increase in SSB price was estimated based on the average $0.059/
ounce in 2012 reported by Powell et al., which was inflated to $0.0612 in July 2014
dollars.%0 The price per ounce estimated by Powell et al. was based on a weighted average
across stores, fast-food restaurants and other sources proportional to source of consumed
SSBs in NHANES 2009-2010. Price per ounce of SSBs purchased in stores was calculated
using weighted averages of two-liter bottles, 12-can cases, and single-serve bottles or cans
based on the distribution of package sizes estimated from 2010 Nielsen Homescan data. The
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$0.01/ounce excise tax would then result in a 16.3% price increase (0.0712/0.0612). We
assumed that the tax rate would be adjusted annually for inflation to maintain the 16.3%
price increase throughout the ten-year modeling timeframe.

Price Elasticity of Demand

Estimates of price elasticity of demand for SSBs vary widely by study and definition of

the product category. Andreyeva et al. reviewed U.S. studies published prior to September
2007, finding 14 estimates of the price elasticity of soft drinks (including a broad range

of nonalcoholic beverages) with a mean value of —0.79 (95% CI: —1.24, —0.33).8 More
recently, Powell et al.# reviewed studies published from 2007-2012 and estimated a mean
own-price elasticity of demand for SSBs weighted by SSB category consumption shares

of —1.21, ranging from —-3.87 to —0.69 (Appendix Table 3). This means that a 10%

increase in the price of soft drinks would result in a 12.1% reduction in consumption.

This study utilizes the estimate from the Powell et al. study as it better reflects the narrower
product category subject to the proposed tax compared to the broader estimate of soft drink
elasticity presented by Andreyeva et al. Based on the lowest AIC score out of a range

of standard continuous distributions and visual comparison to the weighted distribution of
elasticity estimates included in the Powell et al. review, an exponential function ($=0.52511,
Shift=0.6892) was used to incorporate the mean and range from the Powell et al. review into
probabilistic sensitivity analyses.

This analysis made a number of assumptions about consumer responses to SSB price
change, including:

. Estimates of the own-price elasticity of demand were based on purchase
of beverages for at-home consumption, which required the assumption that
consumers will respond to changes in beverage prices in restaurants in a similar
fashion and that demand elasticity is constant across age and gender. Of note,
Wang and colleagues found among children and adolescents that 60% to 80%
of SSB and fruit juice calories are consumed in the home.2 This provides
some confidence that any bias from applying elasticity estimates from at-home
consumption to overall consumption will have a limited impact on the outcome.

. Elasticity estimates derived from relatively small price changes were assumed to
apply to the much larger change in price that would be achieved by the proposed
policy.

. Income effects were assumed to be negligible given the small impact of the tax

on overall household budget and are not included in the model.

Direct Effect of Change in Sugar-Sweetened Beverage Consumption on Change in BMI

A number of systematic reviews and meta-analyses have been published on the relationship
between SSB intake and weight or BMI.% 62.89-99 From these reviews, one double-blind,
placebo-controlled randomized trial of the effect of an increase in consumption of SSBs on
weight among youth was identified.® In the 18-month trial, de Ruyter et al. randomized
641 Dutch children aged 4-11 years to receive either 8-ounces/day of a SSB (104 kcal/day)
(m=322) or an artificially-sweetened sugar-free beverage (/7=319) in identical containers.
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Height and weight were measured at baseline, 6, 12, and 18 months follow-up. In this study,
the impact of a reduction in SSB consumption as a result of the proposed SSB tax in youth
(2-19 years of age) was modeled based on the de Ruyter et al. 18-month follow-up estimate
of 1.01 kg (95% CI: -1.54, —-0.48; p<0.001) lower weight gain among children consuming
8ounces/day of artificially-sweetened beverages compared to 8ounces/day of SSBs.

From the reviews listed previously, four large longitudinal studies in adults#2-45 of sufficient
duration were identified that assessed a change in SSB consumption and impact on weight
status without controlling for total energy (Appendix Table 4). The relationship was modeled
using a uniform distribution based on the range of the estimates of the effect of a one serving
reduction on BMI (from 0.21 to 0.57). Details on how BMI estimates were extracted from
these studies are available upon request.

All costs are expressed in July 2014 dollars, with data from other years inflated/deflated
using the U.S. Bureau of Labor Statistics Consumer Price Index.100 Tax administration and
auditing costs were provided by the State Departments of Revenue of West Virginia and
Washington following outreach to six states currently administering beverage excise taxes.
In the primary scenario, per capita costs were applied to the 2015 U.S. population 2 years
of age or older to estimate the cost of national implementation. The national and per-capita
costs, sources, and assumptions are included in Appendix Table 5.

It was conservatively assumed that administrative costs would be proportional to state
population size (ignoring potential economies of scale). This may result in overestimation
of the cost of administration of excise taxes as returns to scale likely evident in the
administration of tax collection were not included. It was also assumed that costs of tax
compliance (in time and direct costs) from the beverage industry would be equal to the cost
of administration reported by the government.

Tax Revenue

Tax payment and revenue represent transfer payments between taxpayers and the state

and therefore cancel out from the societal perspective. As such, tax payments were not
considered in calculation of the ICER. However, total tax revenue was estimated in order

to inform the implementation filter analysis. Annual national revenue was calculated by
multiplying daily post-tax SSB consumption among the U.S. population by 365.25 days and
by the $0.01/ounce tax rate in July 2014 dollars. Post-tax daily consumption was modeled
using 2011-2012 NHANES consumption data shifted downwards based on the projected
16% price increase and on the range of own-price elasticities identified in the review by
Powell et al.#1
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Scenario Analyses

Effect of Change in Sugar-Sweetened Beverage Intake on Change in Total Energy Intake

From previous reviews, two observational studies in children were identified that assessed
the relationship between change in SSB consumption and change in total energy intake
(Appendix Table 6). Striegel-Moore et al. followed girls aged 9-10 years for nine years and
assessed SSB intake and total energy intake annually with 3-day food records.19! Using a
mixed-effect model, they estimated that a 41 kcal change in soda consumption resulted in
an 81.4 kcal change in TEI. Wang et al. analyzed NHANES 24-hour recall data to compare
total energy intake across days on which SSBs were and were not consumed.82 They found
that an 8-ounce change in SSB consumption was associated with a 104 kcal change in TEI.
These estimates suggest a 1.99 and 1.14 kcal reduction in TEI for every 1 kcal reduction in
SSB consumption, respectively. Four trials102-105 jn adults estimating energy compensation
from changes in SSB consumption were identified (Appendix Table 6). These three-week to
one-month trials found that a 1 kcal increase in consumption led to 0.63-1.17 kcal increase
in TEL

Estimate of Change in Total Energy Intake Using Cross-Price Elasticities for Milk and Juice

Brownell et al. estimated that 25% of the reduction in calories from SSB consumption in
response to taxation would be replaced from other sources.!! Similar to Smith et al., 106
this study estimated substitution of calories from juice and milk using consumption data
from NHANES 2011-2012 and cross-price elasticities for these beverages. The distribution
of own-price elasticities for SSBs was based on a review by Powell et al. (Appendix Table
3).41 Estimates of cross-price elasticities for juice and milk were taken from eight studies
included in the Powell et al. review (Appendix Table 3). Sweetened coffee/tea was included
in this study’s SSB category and, unlike Smith et al., this analysis did not calculate change
in calories for unsweetened coffee/tea due to their minimal caloric contribution.

Mean percent compensation varied substantially by age and gender in the tertiary analysis.
On average, consumers replaced 32% of calories reduced from SSBs with energy from milk
and juice based on analysis of cross-price elasticities. Due to their low SSB consumption
and relatively high milk and juice consumption, mean compensation among children 2-4
years of age was 133%. However, as milk and juice consumption declined and SSB
consumption increased into adolescence and young adulthood, the percent compensation
dropped, so that males aged 20-29 years compensated only 12% of the reduction of SSB
consumption with calories from milk or juice. Compensation to other beverages was also
higher in older age groups that do not consume high levels of SSBs.

Energy Change to Weight Change Conversion

Previous models of the impact of a SSB tax on weight have converted changes in daily
energy consumption to weight change assuming that every cumulative reduction in 3,500
kcal results in the loss of 1 Ib of body weight.”0- 106 However, there is emerging consensus
that reductions in average daily energy intake do not lead to indefinite weight loss, but result
in a new steady-state weight following 3-5 years of gradual weight loss, with half of the
weight loss occurring within the first year.107 In this study, steady-state changes in weight
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were estimated based on different linear equations in young children (2-4 years of age),
youth (5-19 years of age) and adults (>19 years of age). In adults, Hall et al.’s estimate

that a daily reduction of 100 kilojoules (kj) of energy intake would result in a loss of 1
kilogram of body weight at steady-state was used.*” Age- and gender-specific estimates for
youth were used due to differences in metabolism and the energy cost of growth for children
and adolescents. For youth, the age and gender-specific linear equations from Hall et al >
for ages 7-18 years were extended for use in the 5-year cohort model to ages 5-19 years
using the midpoint age from each 5-year cohort. For boys, the equation is: kcal per day

per kg=68-2.5*age and for girls: kcal per day per kg=62-2.2*age. For young children 2-4
years of age, Schofield’s age- and sex-specific equations were used to estimate the change
in basal metabolic rate (BMR) in kilojoules per kilogram change in body weight, which
were used by the United Nations and WHO as the basis for consensus estimates of human
energy requirements.198 This coefficient was then multiplied by age-specific coefficients
for physical activity level (PAL) from a meta-analysis of doubly-labeled water studies of
total energy expenditure and physical activity among children and adolescents in developed
countries (PAL=total energy expenditure/BMR).19% The products are then age- and gender-
specific coefficients for change in weight per change in total energy expenditure, which is
equivalent to changes in weight per change in total energy intake. The resulting coefficients
are then 216 kj/d/kg for boys 2-4 years of age and 204 kj/d/kg for girls 2-4 years of age.
Age- and gender-specific coefficients were sampled from a triangular distribution with lower
and upper bounds based on +/- 1.96 times the standard error of the PAL estimates from the
Hoos et al. meta-analysis. Changes in weight were converted to changes in BMI using age-
and gender-specific average height from NHANES 2009-2012.

Cost as Percentage of Revenue

In 2009, state governments collected $15.753 billion in gross tobacco revenue and $15.517
billion in net revenue from tobacco excise taxes.>? As such, ongoing state-based tobacco
excise tax programs utilize 1.5% of total revenue for administrative expenditures. In order to
provide an upper bound on the cost estimates for state-implemented SSB taxes, the cost of
implementation of the SSB excise tax was estimated based on 1.5% of expected revenues.
To be consistent with the primary scenario modeling of costs to industry equivalent to those
borne by government, total costs of compliance and administration were estimated as 3% of
revenues.

Alternative Tax Pass-Through Rates

The beverage industry may change pricing strategy to minimize the impact of the tax on
the effective price. While traditional economic theory suggests that all taxes will be passed
on to consumers® and empirical evidence suggests that the beverage industry may in fact
over-shift taxes to consumers,8 it is possible that companies will absorb some of the tax,
which would reduce the impact on consumers. The impact of varying the assumption that
taxes are passed through to consumers was tested by running scenarios where taxes are
passed through either 50% or 150%, which would result in a 8% and 25% price increase,
respectively. Using the average price elasticity estimate in the model, this would lead to a
10% or 30% reduction in consumption, respectively.
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Lowest Identified Elasticity

Given the large impact of the elasticity estimate on the model, a scenario was modeled using
the lower bound (absolute value) of the range of own-price elasticity for SSBs (0.69-3.87)
presented by Powell et al., which would lead to an 11.3% reduction in consumption based on
the 16% increase in price in the primary scenario.*!

Stat / A DALYs
A State A SSB A SSB A QALYs
: —> . —
Excise Price Consumption [~ A BMI \
Tax AHealthcare
Costs

Appendix Figure 1.
Logic pathway linking excise tax on sugar-sweetened beverages (SSB) to change in DALY

and QALYs

The estimated change in SSB consumption in response to the proposed tax is based on

the review of own-price elasticities and average beverage prices published by the beverage
industry. The primary scenario models the direct link between change in consumption

and change in BMI based on RCTs and observational studies. Quality-adjusted life years
(QALYs) gained and Disability Adjusted Life Years (DALYS) averted resulting from a
change in gender- and age-specific BMI are calculated using the CHOICES multi-state
Markov cohort model.

Appendix Table 1.

Key Model Variables for Scenario and Sensitivity Analyses: Mean Values and 95%
Uncertainty Intervals

Parameters Mean Value  95% Sources and Modeling Parameters

Uncertainty

Interval

Scenario 2
Secondary scenario: A in SSB 1.56 (1.16; 1.97) Samples drawn from a uniform distribution
intake (kcal/day) to change in (min=1.14, max=1.99) based on estimates
TEI (kcal/day) in youth (2-19 two studies of change in TEI from change
years of age) in SSB82 101
Secondary scenario: A in SSB 0.90 (0.64; 1.16) Samples drawn from a uniform distribution
intake (kcal/day) to change in (min=0.63, max=1.17) based on the range of
TEI (kcal/day) in adults (>19 estimates from four studies of change in TEI
years of age) from change in SSB102-105

Scenario 3
Cross-price elasticity of demand 0.15 (-0.01; 0.33) Samples drawn from a beta distribution
for milk (min=-0.078, m. likely=0.150, max=0.411)

based on the mean and range from eight
studies identified in a review by Powell et

a|_41
Cross-price elasticity of demand 0.69 (0.27; 1.19) Samples drawn from a beta distribution
for juice (min=0.14, m. likely=0.637, max=1.447)

based on the mean and range from seven
studies identified in a review by Powell et
a|'41
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Parameters

Mean Value

95%

Uncertainty

Interval

Sources and Modeling Parameters

Energy-to-Weight Conversions

Factor to convert change in TEI
(kj/day) to change in body weight
(kg) in youth 2-4 years of age

Samples drawn from age-specific triangular
distributions of coefficients for kj/day/kg
based on age- and gender-specific estimates
of change in BMR per kg from Schofield
equations and meta-analysis of PAL.108. 109
See Appendix

Factor to convert change in TEI
(kcal/day) to change in body
weight (kg) in youth 5-19 years
of age

Age- and gender-specific estimates of
kcal/day/kg from Hall et al >

Factor to convert change in TEI
(kj/day) to change in body weight
(kg) in adults (>19 years of age)

216 (males) 193 to 238
204 (males) 183 to
(females) 224 (females)
103-212 N/A

100 N/A

Energy-to-weight conversion estimate of 100
kj/day/kg from Hall et al. 47

KCAL, kilocalories; KJ, kilojoule; TEI, total energy intake; BMR, basal metabolic rate; PAL, physical activity level

Appendix Table 2.

U.S. Per Capita Consumption of Sugar-Sweetened Beverages (SSB), Juice, and Milk by Age
and Gender Measured in National Health and Examination Survey (NHANES, 2011-2012)

Kcal/day (s.e.m.)

Fluid ounce/day (s.e.m.)

Male Female Male Female
Age SSB Milk  Juice SSB Milk  Juice  SSB Milk  Juice SSB Milk  Juice
2-4 58 231 89 66 191 64(7) 52 135 6.0 5.6 11.3 43
® (19) (13) (9 (10) (0.7) (€ 09 (07 (04 (049
5-9 136 194 51 (6) 104 152 38(5) 118 10.9 35 9.0 9.0 2.5
(19 (19 ™ O (08 (06) (04) (05 (05  (03)
10-14 188 170 29 (6) 149 123 30(4) 172 10.2 1.9 134 7.7 2.0
(15) (19) 7) (11) 1.5) 1.2) (0.4) (1.6) (0.7) 0.3)
15-19 266 150 53 197 75 35(7) 229 9.7 3.4 18.2 5.0 2.4
(24) (15) (19) (14) (15) ) 11) (1.1) (1.4) (1.1) (0.5)
20-29 273  59(9) 36(6) 182 45(8) 36(7) 239 3.7 25 15.8 2.8 2.4
(22) (20) (1.8) (0.6) 0.4) (1.8) (0.4) 0.4)
30-39 235 71(8) 42(9) 152 63 23(4) 206 4.9 2.9 14.4 4.1 1.6
(16) (12) (109 (14 (06 (06 (13) (06 (02
40-49 201 80(8) 19(3) 151 52(8) 26(8) 17.6 52 13 13.9 35 1.8
(28) (18) (24 (05 (02 (@1 (05 (05
50-59 160 79 39 (8) 95 48(6) 19(3) 149 48 2.6 9.3 3.4 14
(19 (20 (15) 21y @2 (05 (@3 (04 (03
60-69 106  84(9) 51 59 56 (4) 20 (4) 9.5 5.8 4.3 5.7 4.0 15
(13) (12) 9) 1.2) 0.7) 1.2) (0.9) (0.4) 0.3)
70-79 74 75 31(7) 65 77 29 (5) 6.9 4.9 2.3 6.5 5.2 2.0
(13) (12) (12) (15) 11) 0.7) (0.4) 1.2) (0.9 0.3)
80+ 68 89 38 (9) 29 92 37 (6) 7.0 6.5 2.6 2.7 6.4 2.5
(14) (12) (6) (10) (1.2) (1) (0.5) (0.5) (0.6) 0.4)

Kecal, kilocalories; s.e.m., standard error of the mean
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Sugar-Sweetened Beverages Own- and Cross-Price Elasticities for Milk and Juice

Study SsB2 Milk Juice SSB Notes
Category
Label
Uncompensated cross-price elasticities were
averaged for orange (0.4478), grapefruit
(0.7459), apple (0.7642), grape (0.8652),
remaining fruit juice (0.7160), and vegetable
juice (0.9323). For milk, the uncompensated
Brown MG -1.956 to cross-price elasticity for “milk and shakes”
(2008)110 -1.715 0.2978 0.7452 Soda (0.2978) was used
Compensated cross-price elasticities from
the AIDS model were used as no
Zheng and -0.521 to uncompensated cross-price elasticities were
Kaiser (2008)111  -0.306 -0.078 0.549 Soft drinks presented
Compensated cross-price elasticities were
averaged for milk (-0.091 and —0.036;
average: —0.0635) and juice (0.529 and
Zheng and 0.507; average: 0.518) from two model
Kaiser (2008) specifications as no uncompensated cross-
112 -0.609 -0.0635  0.518 Soft drinks price elasticities were presented
Cross-price elasticity for whole milk was
used based on reported 4.11% increase in
Duffey et al. whole milk consumption in response to a
(2010)%2 -0.712 0.411 N/A Soda 10% increase in the price of soda
Finkelsteinetal. o 0.87to Cross-price elasticities for milk and juice
(2010)7° -0.73 N/A N/A SSB were not presented
Fletcher, Own-price elasticities and cross-price
Frisvold and elasticities for milk and juice were not
Tefft (2010)113 N/A N/A N/A Soft drinks presented
Fletcher,
Frisvold and Cross-price elasticities for milk and juice
Tefft (2010)18 N/A N/A N/A Soft drinks were not presented
Uncompensated cross-price elasticities were
averaged for skim, low-fat and whole milk
Smith TA, Lin Caloric (0.198, 0.115, 0.222; average: 0.178) and
BH, and Lee JY Sweetened the uncompensated cross-price elasticity for
(2010106 -1.264 0.178 0.557 Beverages juices was used (0.557)
Own-price elasticities and cross-price
Sturm et al. elasticities for milk and juice were not
(2010)% N/A N/A N/A Soda presented
Zheng,
Kinnucan, and -0.772 to Cross-price elasticities for milk and juice
Kaiser (2010)114  -0.366 N/A N/A Soft drinks were not presented
Cross-price elasticities were estimated based
on simulated percent change in consumption
of juice (28.94%), low-fat milk (10.94%)
and high-fat milk (=1.60%) in response to
a 20% tax on SSBs (incorporating separate
elasticities for isotonics, regular soft drinks,
and fruit drinks). Cross-price elasticities
were calculated for juice (28.94/20=1.447),
Regular soft  low-fat milk (10.94/20=0.547), and high-
drinks, fat milk (-1.60/20=-0.08). The cross-price
Dharmasenaand  —3.865 to isotonics, elasticities for low-fat and high-fat milk
Capps (2011)115  -0.6892 0.234 1.447 fruit drinks (0.234) were averaged
Uncompensated cross price elasticities for
low-income and high-income consumers
were averaged for juices (0.473, 0.529;
Linetal. -1.292 to Sugary average: 0.501), skim milk (—0.583, 0.344;
(2011)116 -0.949 -0.013 0.501 Drinks average: —0.120), low-fat milk (-0.250,
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Study SSB2 Milk

Juice SSB
Category
Label

Notes

0.227; average: —0.012), and whole milk
(0.242, -0.054; average: 0.094). Cross-price
elasticities for skim, low-fat and whole milk
were then averaged (-0.120, —0.012, 0.094;
average: —0.013)

Zhen et al. -2.65 to
(2011)127 -0.53 0.234

Regular
carbonated
0.14 soft drinks

Cross-price elasticities for regular
carbonated soft drinks were averaged

from four model specifications for fruit
juice(-0.02, 0.01, 0.33, 0.24; average:0.14),
low-fat milk(0.05, -0.07, 0.37, 0.25;
average: 0.15) and whole milk (0.03, 0.13,
0.61, 0.50; average: 0.318). The estimates
for low-fat and whole milk were then
averaged (0.15, 0.318; average: 0.234)

-1.21 0.150
(-3.87, (-0.078,
-0.689)  0.411)

Weighted Mean
(range)

0.637
(0.14,
1.447)

Note: The mean and range of SSB own-price elasticities are weighted based on the share of total SSB consumption

represented by the product category in each study as reported in a review published by Powell et asl

Own-price

elasticities are interpreted as the percent change in purchases of SSBs for a percent change in the price. The mean and range
of cross-price elasticities for milk and juice are based on the estimates presented in this table. Cross-price elasticities are the
percent change in purchases for a substitute or complement for a given percent change in the price of SSBs. For example, a
cross-price elasticity for milk of 0.16 means that milk purchases increase by 1.6% for a 10% increase in the price of SSBs.

Appendix Table 4.

Change in Sugar-Sweetened Beverages (SSB) Consumption and Change in BMI or Weight

Among U.S. Adults

Study Study Design ~ Sample Duration ~ Weight/BMI Change  Servings Change in
(SE) BMI per
12ounce
Reduction
Schulze* Longitudinal 51,603 4 years Average of difference -0.54
(2004) females; in BMI changg from
Mean age: 36 1/wk to 1/day~ and
1/day to 1/wk vs.
those remaining the
same
Palmer** Longitudinal 43,960 6 years Average of difference  Glass/day  —0.51
(2008) females; Age in kg change from
range: 21-69 1/wk to 1/day~ and
1/day to 1/wk vs.
those remaining the
same across soft
drinks juice drinks
Chen?2 (2009)  Longitudinal 810 adults, 18 months  1.64 kg (95% Cl: 12l -0.57
analysis of 62% female; 0.70, 2.59; P=0.001)  ounce/day
RCT Mean age: 50
Mozaffarian Longitudinal 120,877 4 years 1.32 kg (95% Cl: Ser\;.ings/ -0.21
43(2011) adults, 81% 1.03, 1.62, p<0.001) day
female; Mean
age:
37.5-52.2

Kcal, kilocalories; wk, week

aUsed average female (1.62m) and male (1.76m) and overall (1.69m) adult height from NHANES 2003-2006 to calculate

BMI (kg/m2), with 11b=0.454kg

bAssumed that 12 ounces of SSB provides 140 kcal (Wang 2008)

c .
Assumed that one glass equivalent to 12 ounces
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ad . . .
Assumed that serving equivalent to 12 ounces and month is 30 days.

Page 19

e . . . . L i .
Assumed that serving equivalent to 12 ounces. Per serving effect is size based on median intake within each consumption
category by time, which was provided by the authors for this study.

f . .
Assumed that serving equivalent to 12 ounces.

Intervention Costs

Appendix Table 5.

Resource Number of  Cost per Total Cost  Total Description/Source
Items per Item per National
Million (dollars) Million Anméal
People People Cost
(dollars) (dollars)
Government
Tax department 0.32 FTE 89,500 28,700 8,960,000 Average per capita FTE data
administrator from West Virginia (WV)
and Washington (WA) State
Departments of Revenue. U.S.
Bureau of Labor Statistics 2013
mean salary for Occupation
13-2081: Tax examiners, collectors,
and revenue agents. Assume 56%
non-salary benefits
Field audit salary 0.30 FTE 89,500 26,900 8,310,000 Per capita FTE data from WV
costs State Department of Revenue.
U.S. Bureau of Labor Statistics
2013 mean salary for Occupation
13-2081: Tax examiners, collectors,
and revenue agents. Assume 56%
non-salary benefits
Field audit direct 1 9,160 2,870,000 Per capita direct field audit costs
costs from WV State Department of
Revenue
Tax certification 1 11,900 3,710,000 Per capita tax certification system
system operating operating costs from WV State
costs Department of Revenue
Subtotal 76,500 23,800,000
Industry
Industry tax 0.32 FTE 106,000 33,900 10,600,000 Assume FTE equivalent to
auditor government. Apply to U.S. Bureau
of Labor Statistics 2013 mean
salary for Occupation 13-2011:
Accountants and auditors. Assume
43% non-salary benefits
Field audit 0.30 FTE 106,000 31,800 9,840,000 Assume FTE equivalent to
compliance salary government. Apply to U.S. Bureau
costs of Labor Statistics 2013 mean
salary for Occupation 13-2011:
Accountants and auditors. Assume
43% non-salary benefits
Field audit 1 9,160 2,870,000 Assume equivalent to government
compliance direct costs
costs
Tax certification 1 11,900 3,710,000 Assume equivalent to government
system operating costs
costs
Subtotal 86,800 27,000,000
Total 163,000 50,900,000

Dollars, 2005 U.S. dollars; FTE, full-time equivalent

a . . I . . .
Costs are based on average inputs in 2014 dollars and will differ from simulation results, may not sum due to rounding
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Appendix Table 6.
Change in Sugar-Sweetened Beverages (SSB) Consumption and Change in Total Energy
Intake (TEI) Among U.S. Children and Adults
Study Study Sample Duration Energy change  Servings TEI (kcal)
design change
per kcal
SSB
reduced
Children
Striegel-Moore  Cohort 2,379 females; Age 9 years 81.4 kcal 41 kcal -1.99
(2006)10% range: 9-10 years
Wang (2009)82  Cohort 1,566 females, 1 week 106 kcal 8ounges.=93 -1.14
1,532 males; Age kcal
range: 2-19 years
Adults
Tordoff Cross- 9 females, 21 males; 3 weeks 336 kcal 530 kcal -0.63
(1990)103 overtrial  Mean age: 28 years
(females), 23 years
(males)
DiMeglio Cross- 8 females, 7 males; 1 month 523 kcal 450 keal -1.17
(2000)102 overtrial  Mean age: 22 years
Van Cross- 12 females, 12 1 month 3088 KJ=738 3344 KJ=799 -0.92
Wymelbeke over trial males; Age range: kcal kcal
(2004104 20-25 years
Reid (2007)1%  RCT 133 females; Mean 1 month 1185KJ=283 1800KJ=430 -0.66
age: 32 years kcal kcal
kcal/d, kilocalories per day; KJ, kilojoules
aBased on the assumption that a 12-ounce serving of SSB=140 kcal
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Key Model Variables: Mean Values and 95% Uncertainty Intervals

Parameters

Mean Value

95% Uncertainty

Interval

Sources and Modeling Parameters

Change in SSB Consumption and BMI

Daily intake of SSB, juice, and

See Appendix

See Appendix

Samples drawn from a normal distribution based on age-

milk Table 2 Table 2 for s.e.m.  and gender-specific mean and standard error from NHANES
2011-2012

Own-price elasticity of demand 1.22 (0.70; 2.63) Samples drawn from an exponential distribution (8=0.5251,

for SSB Shift=0.6892) fitted to absolute value of weighted frequency of
twelve estimates included in a review by Powell et al. with
mean=1.21 and range=0.69-3.87. 41

A in SSB consumption (8oz/day) 1.01 (0.48; 1.54) Samples drawn from a normal distribution (mean=1.01, SD=0.27)

to Aweight (kg) in youth (2-19 based on the mean and standard error from a RCT by de Ruyter et

years of age) al 46

A in SSB consumption (120z/day) 0.39 (0.22; 0.56) Samples drawn from a uniform distribution (min=0.21,

to A BMI (kg/m?) in adults (>19 max=0.57) based on four studies.*2-4°

years of age)

Cost of Implementing SSB Excise Tax

Government/Industry 0.32 (0.10; 0.54) Samples drawn from a uniform distribution (min=0.09,

administration and compliance max=0.55) based on data from personal communications with

time costs per million people per Washington and West Virginia State Departments of Revenue.

year (FTE) See Appendix for more detail.

Government/Industry field audit 0.30 (0.24; 0.35) Samples drawn from a beta distribution (min=0.223, most

time costs per million people per likely=0.297, max=0.371) based on an estimate of field audit time

year (FTE) (+/25%) from a personal communication with West Virginia State
Department of Revenue.

Field audit direct costs per million 9,170 (6,450; 11,900) Samples drawn from a gamma distribution

people per year ($) (5th percentile=$6,871; 50th percentile=$9,161; 95th
percentile=$11,460) based on an estimate of field audit direct cost
(+/25%) from a personal communication with West Virginia State
Department of Revenue.

Tax certification system operating 11,900 (8,360; 15,400) Samples drawn from a gamma distribution (5th

costs per million people per year percentile=$8,899; 50th percentile=$11,865; 95th percentile

$) =$14,844) based on an estimate of tax certification operating
costs (+/ 25%) from a personal communication with West
Virginia State Department of Revenue.

Department of Revenue Officer 89,500 N/A Mean annual salaries from the U.S. Bureau of Labor Statistics

salary ($) (+56% non-salary 2013 salary for Occupation 13-2081: Tax examiners, collectors,

benefits) and revenue agents plus 56% non-salary benefits.

Industry Auditor salary ($) (+43% 106,000 N/A Mean annual salaries from the U.S. Bureau of Labor Statistics

non-salary benefits)

2013 salary for Occupation 13-2011: Accountants and auditors
plus 43% non-salary benefits.

KG, Kilogram; FTE, Full-time equivalent; NHANES, National Health and Nutrition Examination Survey; SSB, Sugar-sweetened beverage

a . . . [,
95% Uncertainty Interval based on 10,000 simulations drawn from parameter-specific distributions.
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Table 3.

Mean Cost-Effectiveness Results With 95% Uncertainty Intervals

Total population reached (millions) 313

First-year intervention cost ($ millions) 51.0 (36.4; 65.5)
Ten-year intervention cost ($ millions) 430 (307; 552)
Annual revenue ($ billions) 12.5(8.92; 14.1)

Short-term Outcomes

Mean per capita BMI unit reduction for adults >19 years of age)  0.08 (0.03; 0.20)
Mean per capita BMI unit reduction for youth 2-19 years of age  0.16 (0.06; 0.37)
Total BMI units reduced (millions) 31.7 (12.7; 74.3)
Total BMI units reduced (millions) (youth only) 11.7 (4.21; 27.7)

Cost per BMI unit reduceda($) (overall) 3.16 (1.24,8.14)

Cost per BMI unit reduced ($) (youth only) 8.54 (3.33; 24.2)

Ten-Year Outcomes

Total LYs saved (thousands) 32.3(11.1;80.1)

Total DALYsb averted (thousands) 101 (34.8; 249)

Total QALYsb gained (thousands) 871 (342; 2,030)

Healthcare costs” ($ billions) 23.6 (-54.9, -9.33)

Net costsd($ billions) 23.2(-54.5;-8.89)
Healthcare cost savings per $ intervention cost ($) 55.0 (21.0; 140)

Net cost per LY saved® %) Cost-savingf

Net cost per DALY averted® 3$) Cost—savingf

Net cost per QALY gainede $) Cost-savingf

DALYs, Disability-adjusted Life Years; QALYS, Quality-adjusted Life Years; Dollars, 2014 U.S. dollars; LY, Life years
aCost per BMI unit reduced based on two years of cost of implementation and total BMI reduction for all ages in the 2015 cohort or for youth only.

DALYs averted and QALY's increased due to the proposed intervention are calculated as the difference in the simulated disability-adjusted years
of life lived over ten years in the intervention cohort compared to the baseline cohort of the U.S. population (>1 year of age) in 2015.

The reduction in health care costs refers to the simulated difference in ten-year healthcare costs due to the intervention for a baseline cohort
of the U.S. population in 2015. Healthcare costs and health effects are estimated annually and are reported as present value in July 2014 dollars
discounted at 3% annually.

a . . . .
Net costs include total implementation costs and healthcare cost savings over ten years.
e . . . . . . .
Values are calculated as the ratio of mean incremental costs over LYs saved, DALY averted, and QALSs increased in the intervention scenario
compared to the no-intervention scenario, with the mean and 95% uncertainty intervals reported from ten thousand iterations of the @Risk BMI

simulation model and one million iterations of the BMI-to-DALY/QALY simulation.

Interventions are considered “Cost-saving,” and summary statistics are not calculated when they result in both a cost savings and a reduction in
DALYs or an increase in QALYs.55
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