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Abstract

Background-—Sugar-sweetened beverage (SSB) taxes are a rapidly growing policy tool and can
be based on absolute volume, sugar content tiers, or absolute sugar content. Yet, their comparative
health and economic impacts have not been quantified, in particular tiered or sugar content taxes
that provide industry incentives for sugar reduction.

Methods-—We estimated incremental changes in diabetes and cardiovascular disease (CVD),
quality-adjusted life-years (QALYS), costs, and cost-effectiveness of three SSB tax designs in the
United States, based on (1) volume ($0.01/0z.), (2) tiers (<5 g of added sugar/8 o0z.: no tax; 5-20
g/8 0z.: $0.01/0z.; and >20 g/8 0z.: $0.02/0z.), and (3) absolute sugar content ($0.01/tsp added
sugar), each compared to a base case of modest ongoing voluntary industry reformulation. A
validated microsimulation model, CVD-PREDICT, incorporated national demographic and dietary
data from NHANES; policy effects and SSB-related diseases from meta-analyses; and industry
reformulation and health-related costs from established sources.

Results-—Over a lifetime, the volume, tiered, and absolute sugar content taxes would generate
$80.4 billion, $142 billion, and $41.7 billion in tax revenue, respectively. From a healthcare
perspective, the volume tax would prevent 850,000 CVD (95% Cls: 836,000-864,000) and
269,000 diabetes (265,000-274,000) cases, gain 2.44 million QALY (2.40-2.48), and save $53.2
billion net costs (52.3-54.1). Health gains and savings were approximately doubled for the tiered
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and absolute sugar content taxes. Results were robust across for societal and government
perspectives, at 10 years follow-up, and with lower (50%) tax pass-through. Health gains were
largest in young adults, Blacks and Hispanics, and lower income Americans.

Conclusions-—AlIl SSB tax designs would generate substantial health gains and savings; tiered
and absolute sugar content taxes should be considered and evaluated for maximal potential gains.

sugar sweetened beverages; taxation; cardiovascular disease; diabetes; cost-effectiveness;
prevention; policy

INTRODUCTION

Intake of sugar-sweetened beverage (SSBs) increases weight gain and is strongly linked to
type 2 diabetes and cardiovascular disease (CVD).! Despite some recent declines,2 SSBs
remain the largest source of added sugar intake in the United States, with about 60% of
children and half of adults consuming SSBs every day.3 In the United States, 52,000 annual
cardiometabolic deaths are attributed to SSBs,* highlighting the need for cost-effective
approaches to reduce consumption and improve health outcomes.

SSB taxes are a major policy tool to reduce consumption, and are now being rapidly
implemented across U.S. localities and globally. In all 7 US localities as well as Mexico,
Belgium, Brunei, Norway, and the Philippines, all such taxes have been based on volume —
e.g., a penny per oz. tax on SSBs ($0.01/0z.).5 While volume taxes reduce consumer
consumption by increasing product cost,® 7 this tax design provides little industry incentive
to reformulate products to partially reduce added sugar, as tax rates are the same whether a
beverage contains 5 g or 25 g of added sugar per 0z. To encourage industry reformulation as
well as reduced consumer consumption, additional SSB tax designs have been implemented,
including tiered taxes in the United Kingdom, Chile, France, Ireland, Portugal, and
Catalonia, Spain (with differing volume tax levels per tier of sugar content, in g per 0z.); and
absolute sugar content taxes in South Africa, Sri Lanka, and Mauritius (with taxes per
absolute g of sugar content). These tax designs have been proposed in the United States by
major advocacy organizations like the American Heart Association8 and introduced as bills
in Congress in the past year (i.e., the Sugar-Sweetened Beverages Tax (SWEET) Act®).
However, the potential differing health and economic impacts of these tax designs including
volume, tiered, and absolute sugar content taxes have not been quantified, making it difficult
to compare and prioritize the optimal tax design for implementation and evaluation.

To address these critical health policy gaps in knowledge, the aim of this research was to
estimate and compare the potential cardiometabolic health and economic impacts of volume,
tiered, and absolute sugar content SSB taxes in the United States using a validated
microsimulation model. This investigation was performed as a part of the Food Policy
Review and Intervention Cost-Effectiveness (Food-PRICE) Project (www.food-price.org).
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Study Overview and Population

We utilized the validated CVD-PREDICT microsimulation model,? incorporating
nationally representative data on US adults aged 35-80 years at baseline across three
National Health and Nutrition Examination Survey cycles (NHANES 2009-2014) to derive
baseline sociodemographics, cardiometabolic risk factors, and lifestyle habits and the data
are publicly available.1! Intake of SSBs including their added sugar contents for each
individual was derived from two 24-hour dietary recalls per person and we used two-day
means for SSB intake and their added sugar contents. SSBs were defined as soft drinks/
sodas, juice drinks, sports drinks, presweetened iced tea or coffee, and electrolyte
replacement drinks with =5 grams of added sugar per 12 oz. (=20 kcal per 12 0z.) based on
current definitions for SSB taxes in US localities'2 (for details of included and excluded
beverages, see Table | in the Data Supplement). Incorporating NHANES survey weights to
account for the complex survey design and sampling,13 we sampled from NHANES with
replacement to create a study population of 1,000,000 individuals from the three most recent
cycles of NHANES data (NHANES 2009-2014) that include about 10,000 respondents
(n=10,338) with two 24-hour dietary recalls, who were followed until death or age 100,
whichever came first. At each stage of the logic pathway (Figure | in the Data Supplement),
the best available model inputs, sources, assumptions, and their associated uncertainties
incorporated were used to estimate the potential health and economic impacts of varying
SSB taxes in the United States as described in more detail below (Table 1, Table Il in the
Data Supplement). We followed the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist in reporting our results, as recommended for economic
evaluations of health interventions (Text | in the Data Supplement). The source code of the
model is not publicly available. The modelling investigation was exempt from institutional
review board review because it was based on public data and nationally representative,
deidentified data sets that included no personally identifiable information.

Policy Description and Scenarios

We modeled three SSB national excise tax scenarios, including based on (1) volume ($0.01/
0z.), modeled after existing SSB taxes implemented in several U.S. localities (e.g., Berkeley,
Oakland, San Francisco, Albany):12 (2) tiers [<5 g of added sugar/8 oz. (tier 1): no tax; 5-20
g/8 oz. (tier 2): $0.01/0z.; and >20 g/8 oz. (tier 3): $0.02/0z.], modeled after recently
implemented taxes in other nations® as well as the American Heart Association proposed
SSB tax;® and (3) absolute sugar content ($0.01/tsp of added sugar), modeled after recently
implemented taxes in other nations® as well as the recent Congressional Sugar-Sweetened
Beverages Tax (SWEET) Act bill.? Each of these scenarios was compared with a base-case
of no additional U.S. SSB taxes, incorporating both consumer and industry responses as
described below (Table 111 in the Data Supplement).

Policy Effects on SSB Intakes

The estimated effects of each SSB tax policy on consumer intakes were derived from a
systematic review and meta-analysis of interventional and observational studies of changes
in SSB price in relation to SSB consumption, which demonstrated that each 1% increase in
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price results in a 0.67% decrease in SSB intake (Table 111 in the Data Supplement).14
Consistent with these interventional studies as well as economic theory, we assumed the
time lag between policy implementation and change in SSB intake was less than a year, with
intervention effects sustained as long as taxes continued. We modeled a full (100%) pass
through to consumers based on empirical evidence from Philadelphia’s SSB tax (pass-
through rate 75-115%);31 we also evaluated lower (50%) pass through rate in sensitivity
analyses.

Policy Effects on Industry Reformulation

The base-case scenario did not assume no reformulation, but conservatively incorporated a
gradual underlying voluntary industry reformulation level (20% of SSB products being
reformulated to reduce added sugar content by 25% over 10 years, resulting in overall 5%
reduction in added sugars from SSBs) based on expert contacts, public pledges by major
beverage companies,32 and observed reformulations33 (Table 111 in the Data Supplement).
The potential industry responses to the tiered and absolute sugar content taxes, which each
incentivize the lowering of sugar contents through lower tax rates, were derived from expert
contacts and achieved recent significant reformulations of specific major beverage brands.33
For the tiered tax scenario, we assumed that, over 10 years, half of SSBs in the highest tax
rate (tier 3) would be reformulated just to the top level of the next lowest tax rate (tier 2),
and that half of SSBs in the middle tax tier (tier 2) would be reformulated to the top level of
the lowest tier (no tax). For the sugar content tax, we assumed that SSBs would be variably
reformulated to reduce overall sugar content, on average, by a total of 25% gradually over 10
years. We assumed that product reformulations would incrementally occur over the first 10
years of tax implementation, with no further reformulations thereafter.

Effects of SSB Intake Changes on Cardiometabolic Risk

Our methods for reviewing and synthesizing the evidence to estimate effect sizes for
associations between SSB intake and cardiometabolic endpoints, including extensive validity
analyses to assess potential bias, have been reported.# 34 Briefly, etiologic effects were
derived from meta-analyses of prospective cohorts or randomized controlled trials evaluating
(1) effects of SSBs on weight gain; (2) effects of changes in BMI on risk of coronary heart
disease (CHD), stroke, and type 2 diabetes; and (3) additional direct effects of SSB intake on
CHD (adjusted for BMI and diabetes) and type 2 diabetes (adjusted for BMI) (Table IV in
the Data Supplement). We did not formally model specific dietary complements or
substitutes to SSBs because the risk estimates for SSBs, largely based on long-term
prospective studies, implicitly incorporate the health effects of the average complements or
substitutes in the population when people consume varying levels of SSBs. Because health
effects of SSBs are due to added sugar content, we standardized all observed relative risks
per serving (8 0z.) to the mean observed added sugar content (21.0 g) per 8 oz. of SSBs
consumed in the U.S. from NHANES 2009-2014. This allowed differences in risk to be
incorporated by both changes in intake (servings) and added sugar content (reformulation).

Microsimulation Model Structure and Outputs

CVD-PREDICT, a validated micro-simulation model coded in C++, simulates and quantifies
effects of policies on CHD, stroke, and diabetes (Text 1 in the Data Supplement).3% 36 The
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model is run at the individual-level, incorporating the annual probability of each person’s
transition between health states based on their underlying risk factors including age, sex,
systolic blood pressure, total cholesterol, HDL-cholesterol, smoking, and diabetes. Diabetes
is treated as 1) one of the risk factors for CVD in the model and 2) a health outcome in
response to the SSB taxes. The probability of experiencing diabetes is influenced by the
change in relative risks due to added sugar intake changes, which further influences the
probability of developing CVD. The model did not estimate direct effects of diabetes on
non-CVD deaths. Model parameters include validated CHD and stroke risk equations and
case fatality risks based on a calibrated Framingham-based risk function as well as validated
empiric historical disease trends.3” CVD risk factors and subsequent estimated CVD
incidence and mortality, and diabetes incidence were extrapolated and the survival
probability does vary with age and time trends in risk factors, derived from NHANES;
systolic blood pressure and total cholesterol increase with age on the individual level and
decrease with time based on national trends; HDL cholesterol and risk of developing
diabetes increase with both age and time; and sex and smoking status remain unchanged. At
any given time point, a simulated individual could be in one health state, with the probability
of experiencing subsequent events based on individual cardiometabolic risk factors and
changes in relative risks from SSB intake. The microsimulation process across each state
and transitions are shown in Figure 1. Model outputs included total CVD events (fatal and
non-fatal), CVD deaths, and diabetes cases at 10 years and cohort lifetime. The specific
model outcomes included deaths from CHD or stroke; non-fatal events including myocardial
infarction, stroke, angina, resuscitated cardiac arrest, and diabetes incidence; quality-
adjusted life years (QALYS); and event-associated health-related costs. Outputs were
estimated for the overall adult population, and stratified by age (35-44 years, >65 years),
race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other), and income
(poverty-income ratio (PIR) <1.85, PIR >1.85) to investigate consistency of health and
economic impacts of each SSB tax scenario across subgroups. Children and young adults
below age 35 years were not included in the model due to relatively low absolute rates of
CVD and type 2 diabetes as well as insufficient established risk equations at these ages.

Policy and Health-Related Costs

SSB tax revenue was calculated from the average per-person post-tax intake of SSBs or
added sugar from SSBs (depending on the tax design) times the tax rate and the total adult
population aged 35+ years (tax revenues from SSB intake among children and young adults
were conservatively excluded). Government tax revenues were excluded from healthcare and
societal cost-effective perspectives, as these can be considered direct transfers between
segments of society. Policy implementation costs included government tax collection and
industry compliance costs, estimated at 2% of the generated tax revenue based on a U.S.
locality experiencel® (we considered that federal implementation costs could be even lower
due to scale) (Text Il in the Data Supplement). Industry costs to reformulate SSB products
in response to each SSB tax were estimated using the Research Triangle Institute (RTI)
reformulation model,16 accounting for the percentage of products reformulated,
reformulation type, test types, and compliance period.
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Health-related costs included formal healthcare, informal care, and productivity costs as
previously described (Table V in the Data Supplement).38 Formal healthcare costs for CVD
all acute and chronic disease states, surgical procedures, screening, medications and other
treatments, and statin associated side effects; and for diabetes, costs for institutional care,
outpatient care, outpatient medications, and supplies. Informal care costs included costs for
patient’s travel and waiting time as derived from the Bureau of Labor Statistics.28
Productivity costs were calculated using age-specific average annual earnings derived from
the Current Population Survey.3°

Cost-Effectiveness Analyses

In accordance with recommendations from the Second Panel on Cost-Effectiveness in
Health and Medicine,*® analyses were conducted from three perspectives: (1) healthcare
perspective, conservatively including policy implementation costs and industry
reformulation costs as the “intervention” cost, and formal healthcare costs, (2) government
perspective, incorporating government tax collection costs, SSB tax revenue, and formal
healthcare costs, and (3) societal perspective, incorporating policy implementation costs,
industry reformulation costs, formal healthcare and informal care costs, and productivity
costs. We also performed an incremental cost-effectiveness analysis from a healthcare
perspective to compare all three policy scenarios to each other. All costs were inflated to
2018 US dollars using the Consumer Price Index,39 with costs and QALY discounted at 3%
annually. Incremental cost-effectiveness ratios (ICERS) were calculated as the net change in
costs divided by the net change in QALYS.

Sensitivity and Uncertainty Analyses

RESULTS

Probabilistic sensitivity analyses using second-order Monte Carlo approach were used to
incorporate the uncertainty in key model inputs, jointly incorporating the uncertainty
distributions of multiple parameters including policy effect sizes, changes in added sugar
intake from SSB linked weight gain, CHD, and type 2 diabetes relative risks, changes in
BMI linked CHD and diabetes relative risks, individual CVD risk estimated the
Framingham-based risk function, policy implementation costs, industry reformulation costs,
formal healthcare costs, and utility weights (Table 1). One thousand simulations were run
drawing from the uncertainty distributions of each of these inputs over a lifetime. Results are
presented as the mean value, with 95% confidence intervals based on the 1,000 simulations.
We also conducted deterministic sensitivity analyses to assess the potential impact of
differential price elasticity by income (PIR <1.85 or >1.85), and a lower (50%) tax pass-
through rate.

Population Characteristics and Policy Impacts on SSB Intakes

Among US adults aged 35-80 at baseline, the mean (SD) age was 55 (13) years, about half
(53%) were female, about 7 in 10 (72%) were white, and about one-third (29%) were low-
income (PIR <1.85) (Table VI in the Data Supplement). Mean BMI was 29.3 kg/m?, 16%
were current smokers, and 36% were on hypertension treatment. Pre-tax, the baseline mean
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(SD) SSB intake was 1.0 (1.6) 8-0z servings/day, corresponding to a total added sugar intake
from SSBs of 20.5 (32.3) g/day.

Accounting for the average retail price of SSBs in 2018 of $0.065/ounce,*! the average price
of SSBs would be increased by 15.5% by the volume tax, 15.5% in tier 2 and 31.0% in tier 3
by the tiered tax, and 9.7% by the absolute sugar content tax. Considering consumer
responses (servings/d of SSBs), these price increases would result in 10.4%, 18.7%, and
6.5% reductions in SSB or added sugar intake (depending on the tax design), respectively. In
addition, both the tiered and absolute sugar content tax would lead to gradual additional
industry reformulation over 10 years. These industry responses would result in 8.8% and
25% average decreases in added sugar content of SSBs at 10 years, respectively. Accounting
for both consumer and industry responses, the volume tax would decrease overall SSB
servings in US adults by 0.10 serving/day and corresponding overall added sugar intake by
3.06 g/day; the tiered tax, by 0.19 servings/day and 5.42 g/day; and the absolute sugar
content tax, by 0.07 servings/day and 6.16 g/day (Table VII in the Data Supplement).

Health Outcomes

Over a lifetime (mean simulated follow-up 28.7 years), compared with a base-case scenario,
the volume tax was estimated to prevent 850,000 fatal and nonfatal (total) CVD events (95%
Cls: 836,000-864,000) and 269,000 diabetes cases (265,000-274,000), generating 2.44
million QALY (2.40-2.48) (Table 2). Corresponding health gains for the tiered tax were
1,673,000 total CVD events (1,650,000-1,696,000), 531,000 diabetes cases (524,000
539,000), and 4.85 million QALY (4.78-4.92); and for the absolute sugar content tax,
1,852,000 (1,831,000-1,874,000) total CVD events, 550,000 (544,000-557,000) diabetes
cases, and 5.02 million (4.96-5.09) QALYs (Figure 2). At 10 years (2019-2028), the
volume, tiered, and absolute sugar content taxes would be estimated to prevent 238,000,
460,000, and 369,000 total CVD events, and 111,000, 218,000, and 163,000 diabetes cases,
respectively (Table V111 in the Data Supplement).

Costs and Cost-Effectiveness

Over a lifetime, the volume, tiered, and absolute sugar content taxes would produce $1.60
billion (1.58-1.62) in policy implementation costs; $80.4 billion (80.2-80.5), $142 billion
(141-143), and $41.7 billion (41.6-41.8) in government tax revenue; and $0.29 billion
(0.29-0.30), $0.72 billion (0.72-0.74), and $1.44 billion (1.42-1.46) in industry
reformulation costs, respectively (Table 2). From a healthcare perspective (excluding tax
revenues, informal care, and productivity costs), all three SSB tax scenarios were cost-
saving (dominant). The volume tax was estimated to generate net cost savings of $53.2
billion (52.3-54.1); the tiered tax, $105 billion (103-106); and the absolute sugar content
tax, $105 billion (103-106). Net cost savings were larger from a societal perspective,
incorporating additional informal care and productivity costs, with savings of $70.9 billion
for the volume tax, $141.5 billion for the tiered tax, and $140.7 billion for the absolute sugar
content tax. Incorporating tax revenues but not industry compliance and reformulation costs,
savings from reduced informal care, or gained productivity, net savings from a government
perspective were $133.9 billion for the volume tax, $249.4 billion for the tiered tax, and
$150.0 billion for the absolute sugar content tax (Table 1X in the Data Supplement). When
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comparing each tax scenario to the other two options, both the tiered and absolute sugar
content taxes were dominant strategies compared to the volume tax: i.e., each resulted in
significantly greater health gains at significantly less cost (Table 3). Comparing the sugar
content tax to the tiered tax, the differences in cost and QALY's were very small, with very
similar probabilities of cost-effectiveness.

Demographic Subgroups

Health gains were evident in all population subgroups by age, race, and income (Table X in
the Data Supplement). Gains per million individuals were largest among younger adults,
Blacks and Hispanics, and lower-income Americans (Table XI in the Data Supplement). For
example, the volume tax was estimated to prevent 7,486 CVD events per 1 million black
adults, vs. 4,568 CVD events per 1 million white adults. Cost-effectiveness findings were
also robust within subgroups. Consistent with the main findings, the net cost savings were
larger from the societal and government perspectives.

Uncertainty and Sensitivity Analyses

Over a lifetime, all three SSB tax scenarios had 100% probability of being cost saving
(1,000 of 1,000 simulations) (Figure 3). Results were consistent incorporating potential
differential price elasticity to changes in SSB price by household income (Table XII in the
Data Supplement) and for 50% pass-through (Table XII1 in the Data Supplement).

DISCUSSION

Based on a validated microsimulation model incorporating nationally representative data,
our modeling study estimates that national volume, tiered, and absolute sugar content SSB
taxes could each generate significant health gains and cost savings in US adults. Over a
lifetime, the volume tax was estimated to prevent 850,000 total CVD events and 269,000
diabetes cases and gain 2.44 million QALYSs, while health gains for the tiered and absolute
sugar content taxes were approximately twice as high. All three SSB tax designs were cost
saving at 10 years and over a lifetime from healthcare, government, and societal
perspectives, with about double the cost-savings from healthcare and societal perspectives
from either the tiered or absolute sugar content tax, compared to the volume tax. These novel
findings inform ongoing health policy discussions on optimal designs of SSB taxes to reduce
consumption and improve health in the United States.

Our model suggests that the health and cost implications of varying SSB tax designs are
substantially impacted by the combination of consumer and industry responses. For
example, we estimated that the health and cost gains of a volume tax were due to an average
consumer reduction in SSB servings of 10%, with no additional impact from industry
reformulation beyond existing gradual industry efforts. In contrast, the health gains of a
tiered tax were due to a much larger average consumer reduction in SSB servings (19%),
with some additional modest gains from increased industry reformulation but only to
achieve the highest allowable sugar content to achieve a lower tax rate. Finally, the health
gains of an absolute sugar content tax were least dependent on the consumer response (7%
reduced servings) and benefited most from an industry response to reformulate multiple
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products incrementally. In addition, the overall initial consumer response would be larger for
the tiered tax vs. the absolute sugar content tax, the former resulted in higher initial health
gains over 10 years. However, after 10 years, the larger estimated industry reformulation
from the absolute sugar content tax offset the earlier larger health gains, resulting in overall
similar lifetime health gains for the absolute sugar content vs. tiered tax. These results, using
the best available data and incorporating a range of uncertainty and assumptions, provide
important benchmarks against which to design and implement specific SSB tax strategies in
the United States and potentially other nations. For instance, our findings suggest that any
absolute sugar content tax should be accompanied by robust monitoring of SSB added sugar
contents in major products to document anticipated reductions, while governments and
constituents prioritizing revenue may favor tiered taxes as the best overall approach to gain
health and maximize tax revenue.

Our findings suggest that all SSB tax designs may reduce health disparities. Consistent with
higher levels of SSB consumption among younger adults, minorities, and adults with lower
income,#2 43 we found that SSB taxes would provide greater health and economic benefits
to these subgroups. In addition, the large estimated tax revenues should be considered for
programs to increase health equity, further reducing disparities and providing an important
bulwark against the price-regressive (but health-progressive) nature of SSB taxes. Such
programs should consider directly subsidizing healthier foods; for example, the SSB tax
revenue in Seattle (King Country, WA) has been earmarked to increase access to and
financial incentives for fresh fruits and vegetables for low-income individuals and families.**

A few previous modeling studies from our and other groups have assessed the potential
health and economic impacts of SSB taxes in the United States. Each of these evaluated
volume based taxes. Our estimated health and cost gains are much more conservative than
some of the prior studies. For example, Long and colleagues estimated that a penny per oz.
($0.01/0z.) volume tax on SSBs would generate 0.87 million QALY and save $23.6 billion
in health care costs over 10 years,*> compared to 0.22 million QALYs and $14.5 billion in
our analysis for the same tax. Our more conservative findings likely relate to our narrower
study population (adults age 35-80 years, vs. all children and adults age 2+ years) and
disease outcomes (only CVD and type 2 diabetes, vs. all potential obesity-associated
diseases and costs). Thus, while the relative comparisons of differing SSB tax schemes
would likely be unchanged, our present findings may underestimate the full health gains and
cost savings of a national SSB tax in the United States. We previously evaluated the health
impact and cost-effectiveness of a national volume based SSB tax, overall and stratified by 9
distinct stakeholder groups.#® Our investigation builds upon and greatly extends previous
analyses by evaluating and comparing the health and economic benefits of volume, tiered,
and absolute sugar content SSB taxes, all very real policy options that are now being
implemented in different nations globally® and proposed in new US federal bills.?

In the United States, all currently implemented SSB taxes are volume based, including seven
localities (Philadelphia, PA; Berkeley, CA; Albany, CA; Oakland, CA; San Francisco, CA;
Boulder, CO; Seattle, WA). Internationally, volume-based taxes have been implemented in
(but not limited to) Mexico, Belgium, and the Philippines; sugar content tiered-based taxes
in the United Kingdom, Ireland, and Portugal; and absolute sugar content based taxes in

Circulation. Author manuscript; available in PMC 2021 August 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leeetal.

Page 10

South Africa and Mauritius. Taxing SSBs based on sugar content (i.e., tiered or absolute
sugar content) has been proposed as a more effective strategy than a volume based approach
to stimulate industry reformulation and to provide incentives for consumers to switch to
SSBs with less sugar. In the United States, the American Heart Association has proposed a
tiered SSB tax; and a bill to impose a tax on SSBs based on a product’s sugar content,
known as the Sugar-Sweetened Beverages Tax (SWEET) Act, has been introduced, but has
not been made it out of the committee. To date, comparative health and economic impacts of
these taxes have not been evaluated. Our findings suggest that each of the three SSB tax
designs generated health gains and cost-savings, compared to no tax. When we directly
compared the three tax designs, either a tiered tax or an absolute sugar content would lead to
larger health gains and cost-savings compared to a volume tax. These findings suggest that a
tiered or absolute sugar content tax approach should be considered in any new local, state, or
federal efforts to reduce SSB intake and maximize health and economic benefits.

Our study has several strengths. We used a validated microsimulation model and nationally
representative data inputs, which increases the validity and generalizability of our estimates.
We assessed 10-year and lifetime health effects, costs, and cost-effectiveness from different
appropriate perspectives, providing a range of results for different relevant stakeholders and
interests. We used the best available evidence on health effects of SSBs and added sugars,
including uncertainty in these estimates. We modeled the impact of uncertainty in both one-
way and probabilistic sensitivity analyses.

Potential limitations should be considered. Our model cannot prove the health and cost
effects of these SSB tax designs in US adults. Rather, the estimates provide evidence that
can be considered and incorporated into the design, implementation, and evaluation plans of
SSB taxes, including at local, state, or federal levels. Etiologic effects of SSBs, while
confirmed for BMI in randomized trials in adolescents, were largely derived from meta-
analyses of prospective observational studies,* 34 which may be overestimated due to
residual confounding or underestimated due to measurement error and regression dilution
bias. Policy effect sizes for industry reformulation were based on available evidence and
reasoned expert assumptions rather than direct responses to SSB taxes, given that
reformulation effects of such taxes have not yet been reported. Yet, current experience
supports our modeling: for example, in the United Kingdom, beverage industries have
reduced the sugar contents of major products like Fanta and Sprite to avoid a SSB tax.4” We
did not model direct effects of diabetes on non-CVD death and improved health outcomes or
cost savings from reductions in other diseases that may be influenced by reduction in SSBs
(e.g., dental caries, other obesity-mediated conditions, gallstones), so our findings may
underestimate health benefits and cost savings. Although our study population was derived
from NHANES participants using NHANES survey weights to account for the complex
survey design and sampling, we appreciate that this sampling approach may still
underestimate uncertainty. It could also overestimate uncertainty if the uncertainty of SSB
intake in the sampled population is greater than the true general population. Our model
population did not include children, adolescents, or young adults <age 35, which could be
considered in future research.
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In conclusion, our findings suggest that different national SSB tax designs could generate
substantial health gains and cost savings in the United States, and that tiered or absolute
sugar content taxes could generate largest health and economic benefits. These results have
implications for ongoing efforts to implement and evaluate SSB taxes in the United States.
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1.

2.

What is new?

What are the clinical implications?

CLINICAL PERSPECTIVE

Using nationally representative data and a validated microsimulation
model, we found that a national U.S. sugar-sweetened beverage tax
could generate substantial health gains and cost savings.

Health and economic benefits were about twice as large for taxes
based on sugar content (either tiered or absolute) as for taxes based
on volume, as the former stimulated industry reformulations to
reduce sugar content; for example, a volume tax would prevent 1.12
million lifetime cardiovascular and diabetes cases and save $53.2
billion, vs. 2.20 million and $105 billion with a tiered tax.

Younger adults, minorities, and adults with lower income
experienced largest health gains.

Current sugar-sweetened beverage taxes in US localities and many
other nations are volume-based. Our findings suggest that taxing
sugar-sweetened beverages based on sugar content could be even
more effective.

All these sugar-sweetened beverage tax designs may reduce health
disparities.

These novel findings inform ongoing health policy discussions on
optimal designs of sugar-sweetened beverage taxes to reduce
consumption and improve health in the US.
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Transitions were based on a calibrated risk score including age, sex, systolic blood pressure,
total cholesterol, HDL cholesterol, current smoking, and diabetes status. Baseline risk
factors were derived from NHANES 2009-14, with further annual changes in all risk factors
incorporating both age and secular trends. Decreased intake of added sugar from SSBs could
decrease the probability of transitioning of no CVD to acute CVD, and chronic CVD to
recurring CVD or CVD death. The model did not estimate direct effects of diabetes on non-
CVD deaths. CVD, Cardiovascular Disease; CHD, Coronary Heart Disease; MI, Myocardial
Infarction; RCA, Resuscitated Cardiac Arrest; CVA, Cerebrovascular Accident.
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Figure 2. Estimated reductions in total CVD events (Panel A) and diabetes cases (Panel B), gains
in quality-adjusted life years (QALYSs) (Panel C), healthcare savings (Panel D), net savings (Panel
E), and tax revenue (Panel F) of volume, tiered, and absolute sugar content sugar sweetened
beverage taxes over 10 years and lifetime.

Values for net savings were from a healthcare perspective. The blue bar represents the
volume tax; the dark yellow bar represents the tiered tax; and the green bar represents the
absolute sugar content tax. CVD, cardiovascular disease; QALY, quality-adjusted life year.
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Figure 3. Cost-effectiveness plane for volume, tiered, and absolute sugar content sugar-sweetened

beverage taxes over a lifetime.

Values are presented from a healthcare perspective in incremental costs ($ billion) versus
incremental quality-adjusted life years (QALYSs), compared to a base scenario of no SSB tax.
Each colored dot is the result of each of 1,000 Monte Carlo iterations, and the ellipse depicts
the 95% uncertainty intervals. Results are presented. Interventions that fall into the lower
right quadrant of the cost-effective plane indicate that the interventions would be cost saving

and improve health outcomes.
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Key model inputs and sources for cost-effectiveness analysis of volume, tiered, and absolute sugar content
sugar-sweetened beverage taxes in US adults using the CVD-PREDICT model

Model inputs

Value

Source

Baseline characteristics F
Baseline demographics
Baseline CVD risk factors
Baseline prevalent cardiometabolic diseases
Baseline SSB intakes
Baseline added sugar intakes from SSBs

Policy effectsf

Price elasticity for intake of SSB per 1% increase in price, %

Added sugar-disease etiologic effects§

BMI (baseline BMI<25 kg/m?), per gram of sugar
BMI (baseline BMI=25 kg/m?), per gram of sugar
BMI mediated CHD, per 5 kg/m? increase in BMI
BMI mediated stroke, per 5 kg/m? increase in BMI
BMI mediated diabetes, per 5 kg/m? increase in BMI
CHD, BMI independent, per gram of sugar

Diabetes, BMI independent, per gram of sugar

Policy costs//

Policy implementation costs, % of tax revenue
Government tax collection costs
Industry compliance costs

Industry reformulation costs, $ billion
Volume tax
Tiered tax
Sugar content tax

Health-related costs’/

Formal healthcare costs

CVD costs
Chronic disease states, per year
Acute disease states, per year
Procedures and repeat events
Screening

Medications, per year

Statin-associated adverse events
Diabetes costs

Institutional care, per year

Table VI

Table 111

0.67 (0.31-1.04)
Table IV

0.005 (0.002, 0.007)
0.011 (0.007, 0.015)
1.35(1.29, 1.41)
1.19 (1.13, 1.26)
2.66 (2.15, 3.30)
1.011 (1.007, 1.015)
1.011 (1.005, 1.018)
Text 11

2
1
1

0.29 (0.29-0.30)

0.72 (0.72-0.74)

1.4 (1.42-1.46)
Table V

$2,276 - $3,516
$20,741 - $59,460
$20,741 - $59,460
$1-$81
$8 — $286

$189 - $7,431

$1 - $2,547

NHANES 2009-14%%

Afshin 201714

Micha 20174

MUNI®S

RTI6

Lee 2010%7, Pignone 200618
O’Sullivan 201110
O’Sullivan 2011%°

Pletcher 20092, Lazar 201121

Redbook 201022, Nuckols 201123, Pignone
200618, Shah 201124

Lee 2010%7

ADA 201325,
Zhuo 201326
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Model inputs Value Source
Outpatient care, per year $7 - $511
Medications and supplies, per year $36 - $ 1,065
Informal care costs
Time per outpatient visit, per min Russell 200827
Travel 35
Waiting 42
Wage for adults aged >45 y, per hour $15.50 Bureau of Labor Statistics 201628
Productivity costs, dollars Kim 20162
Labor force participation rates as full-time workers by age group 0.076 — 0.845
Average annual earnings by age group, per year $39,525 — $56,509

*

All costs inflated to constant 2018 dollars using the Bureau of Labor Statistics’ Consumer Price Index.30
fDetaiIs are presented in Table VI in the Data Supplement.
IDetaiIs are presented in Table 111 in the Data Supplement.

§Detai|s are presented in Table IV in the Data Supplement. The association of change in BMI with change in SSB consumption was assessed using
multivariate linear regression. Separate linear relationships were estimated for BMI <25kg/m2 and BMI 225kg/m2 since the rate of increase in
BMI due to SSB intake varies based on an individual’s baseline BMI. Values represent RRs for increased consumption of added sugar and
cardiometabolic disease risk at age 50 (45-54 years). RRs for other age groups are presented in Table IV in the Data Supplement.

I . . .
Details are presented in Text 111 in the Data Supplement.

”Details are presented in Table V in the Data Supplement.

CVD, cardiovascular disease; NHANES, National Health and Nutrition Examination Survey; SSB, sugar-sweetened beverage; BMI, body mass
index; CHD, coronary heart disease; RTI, Research Triangle Institute; ADA, American Diabetes Association
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Table 2.

Lifetime health gains, costs and cost-effectiveness of a nationwide volume, tiered and sugar content sugar-
sweetened beverage taxes among US adults from a healthcare perspective.

Mean Estimate (95% ClIs)

Volume SSB taxJr Tiered SSB taxi Absolute sugar content SSB tax§

No tax (Tier 1)

Tax rate, $ 0.01/0z. 0.01/0z. (Tier 2) 0.01/tsp (4.29) of added sugar
0.02/0z. (Tier 3)

Population, million 160 160 160

Simulated follow-up years per person 28.70 28.73 28.73

Tax revenue, $ biIIion//
Cases averted, thousand
CVD events
CVD deaths
Diabetes cases

QALYSs gained, miIIionf/

Change in policy costs, $ billion
Policy implementation costs
Government tax collection costs

Industry compliance costs

. *H*
Industry reformulation costs

Change in health-related costs, $ billion

Formal healthcare costs 1t

2

80.4 (80.2, 80.5)

850 (836, 864)
166 (163, 169)
269 (265, 274)
2.44 (2.40, 2.48)

1.60 (1.58, 1.62)

0.80 (0.79, 0.81)
0.80 (0.79, 0.81)
0.00

-54.8 (-55.7, -53.9)

-53.2 (-54.1, -52.3)

142 (141, 143)

1,673 (1,650, 1,696)
330 (326, 335)
531 (524, 539)

4.85 (4.78, 4.92)

1.60 (1.58, 1.62)

0.80 (0.79, 0.81)
0.80 (0.79, 0.81)
0.43 (0.43, 0.44)

-107 (~108, —105)

-105 (106, -103)

41.7 (41.6, 41.8)

1,852 (1,831, 1,874)
371 (367, 376)
550 (544, 557)

5.02 (4.96, 5.09)

1.60 (1.58, 1.62)

0.80 (0.79, 0.81)
0.80 (0.79, 0.81)
1.15 (1.13, 1.16)

-107 (~109, —106)

-105 (106, -103)

Net costs, $ billion
ICER, $/QALY

Healthcare perspective Cost saving Cost saving Cost saving

*

Health outcomes were evaluated among US adults aged 35-80 years at baseline (n=160 million), who were followed until death or age 100,
whichever came first. All costs were inflated to 2018 dollars. Health and economic outcomes for all tax designs were compared to a base-case
scenario (no SSB tax), which included assumptions of continuing trends in voluntary industry reformulation, with 20% of SSB products reducing
sugar content by an average of 25% over 10 years. All taxes utilized a price elasticity (0.67% decrease in intake in SSBs in response to each 1%
increase in price).

fThe volume tax assumed no additional industry reformulation beyond the base case, as the tax rate would remain unchanged even with
reformulation to reduce sugar content.

’tThe SSB tiered tax included no tax in Tier 1 (<5 g of added sugar per 8 0z.), 1 cent per 1 oz. in Tier 2 (5-20 g of added sugar per 8 0z.), and 2
cents per 1 oz. in Tier 3 (>20 g of added sugar per 8 0z.). The industry response to reformulate SSBs to reduce sugar content in response to the
tiered tax was assumed as, over 10 years, 50% of SSBs in Tier 3 would be reformulated to reach to Tier 2, 50% of SSBs in Tier 2 would be
reformulated to reach to Tier 1, and no reformulation would occur in Tier 1.

§For the absolute sugar content tax, the industry response to reformulate SSBs to reduce sugar content was assumed as, over 10 years, added sugar
content in all SSBs would be reduced by 25%.

A . . . . .
The tax revenue was calculated from the total intake of SSBs, following expected consumer responses and industry reformulations, multiplied by
the tax rate.
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”Quality—adjusted life years (QALY's) were discounted at 3% annually.

# . . . . .
Implementation costs included (a) government tax collection costs and (b) industry tax compliance costs, assumed to be 2% of SSB tax revenue,

derived from a report from MUNI Services,15 a private firm contracted by the city of Berkeley to collect SSB tax. We assumed that the
implementation costs would not differ by tax schemes.

Ak

Industry reformulation costs were estimated using the Research Triangle Institute (RTI) reformulation model,16 accounting for % of products
reformulated, reformulation type, test types, and compliance period. Total reformulation costs are the same at 10 years and lifetime because all
models assumed no further reformulation after 10 years.

ﬁFormaI healthcare costs were calculated from the change in total healthcare costs associated with CVD events including chronic/acute disease
states, surgical procedures, screening costs, and drug costs; with diabetes cases including institutional care, outpatient care, outpatient medications
and supplies, discounted at 3% annually. A negative sign indicates healthcare savings.

#Net costs from a healthcare perspective equaled tax implementation costs (government tax collection and industry compliance costs) plus
industry reformulation costs minus formal healthcare costs, discounted at 3% annually. A negative sign indicates positive monetary savings.

SSB, Sugar-Sweetened Beverage; CVD, Cardiovascular Disease; QALY, Quality-Adjusted Life-Year; ICER, incremental cost-effectiveness ratio.
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Table 3.

Incremental cost-effectiveness of a national volume, tiered, and absolute sugar content sugar-sweetened
beverage taxes among US adults over a lifetime from a healthcare perspective.

Mean Estimate (95% Cls)

Probability of being more

Difference in cost, $ billion™  Difference in QALY, million .
cost-effective

Strategy comparison

Volume SSB tax compared to base-case -51.4 (-53.2, —49.6) 2.41(2.32,2.49) 100%

Tiered compared to volume SSB tax -51.5 (-53.1, -50.0) 2.58 (2.51, 2.66) 96.1%

Absolute sugar content compared to tiered -0.10 (-2.00, 1.80) 0.18 (0.09, 0.27) 51.7%
SSB tax

*
Cost was calculated as the sum of healthcare costs, policy implementation costs, and industry reformulation costs.

fFor a given threshold ($50,000/QALY), the proportion of the policy scenario would be considered more cost-effective.

QALY, Quality-Adjusted Life-Year; SSB, Sugar-Sweetened Beverage.
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