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Abstract

Background: Sugar-sweetened beverage (SSB) consumption contributes to obesity, a risk factor for 13 cancers. Although SSB
taxes can reduce intake, the health and economic impact on reducing cancer burdens in the United States are unknown,
especially among low-income Americans with higher SSB intake and obesity-related cancer burdens. Methods: We used the
Diet and Cancer Outcome Model, a probabilistic cohort state-transition model, to project health gains and economic benefits
of a penny-per-ounce national SSB tax on reducing obesity-associated cancers among US adults aged 20 years and older by
income. Results: A national SSB tax was estimated to prevent 22 075 (95% uncertainty interval [UI] ¼ 16 040-28 577) new
cancer cases and 13 524 (95% UI ¼ 9841-17 681) cancer deaths among US adults over a lifetime. The policy was estimated to
cost $1.70 (95% UI ¼ $1.50-$1.95) billion for government implementation and $1.70 (95% UI ¼ $1.48-$1.96) billion for industry
compliance, while saving $2.28 (95% UI ¼ $1.67-$2.98) billion cancer-related healthcare costs. The SSB tax was highly cost-
effective from both a government affordability perspective (incremental cost-effectiveness ratio [ICER] ¼ $1486, 95% UI ¼ -
$3516-$9265 per quality-adjusted life year [QALY]) and a societal perspective (ICER ¼ $13 220, 95% UI ¼ $3453-$28 120 per
QALY). Approximately 4800 more cancer cases and 3100 more cancer deaths would be prevented, and $0.34 billion more
healthcare cost savings would be generated among low-income (federal poverty-to-income ratio [FPIR] � 1.85) than higher-
income individuals (FPIR > 1.85). Conclusions: A penny-per-ounce national SSB tax is cost-effective for cancer prevention in
the United States, with the largest health gains and economic benefits among low-income Americans.

Obesity is an established risk factor for 13 types of cancers (1, 2).
Overweight and obesity-associated cancers account for 40% of
all new cancer cases diagnosed in 2014 in the United States (3).
The estimated medical spending for cancer care exceeds $130
billion in 2020 (4). The economic burden of cancer will further
increase if the trends for obesity-associated cancers continue
(5). Thus, it is critical to identify effective and cost-effective
strategies to reduce obesity-associated cancer burdens in the
United States.

High consumption of sugar-sweetened beverage (SSB) is an
important contributor to the obesity epidemic in the United

States (6,7). Despite some recent declines (8,9), SSB consumption
remains the largest source of added sugar in American’s diets
(9–12). High SSB consumption and obesity disproportionately af-
fect individuals of low socioeconomic status (9,13,14), contribut-
ing to widening health disparities (1). Decreasing SSB
consumption serves as an important target for preventing
obesity-associated cancer burden and reducing cancer dispar-
ities in the United States.

Taxes on SSBs have risen to the forefront of public health
efforts and policy debates in recent years (15,16). The beverage
industry has aggressively lobbied for the repeal of national
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taxes (16–18). Understanding the potential health impacts,
costs, and cost-effectiveness of such taxes for cancer prevention
would inform policy discussions and debates in the United
States and elsewhere.

Although prior studies have evaluated the potential impact
of a national SSB tax on cardiovascular diseases (19,20), its po-
tential effects on obesity-related cancer burdens remain un-
known. To address this question, we used a population-based
Diet and Cancer Outcome Model (DiCOM) to estimate the health
gains and cost-effectiveness of a national penny-per-ounce SSB
tax, overall and by age, sex, race and ethnicity, and income on
preventing obesity-associated cancer burdens and reducing
cancer disparities.

Methods

Study Overview and Model

We used the DiCOM, a probabilistic cohort state-transition
model, to evaluate the effect of a national penny-per-ounce SSB
excise tax on reducing obesity-associated cancer burdens and
disparities among US adults over a lifetime. The DiCOM projects
the population impact of implementing nutrition policies on
health and economic outcomes. Starting from cancer-free indi-
viduals representative of the US population, the model simu-
lates the development and progression of cancer as the
individuals transition through different health states over a life-
time and tracks life expectancy, cancer-related quality of life,
and health-related costs under alternative policy scenarios
(Supplementary Figure 1, available online) (21).

To assess policy impact, the model compared 2 scenarios:
implementing a national penny-per-ounce SSB tax and status
quo (no policy). The DiCOM incorporates data on national popu-
lation demographics, SSB intakes, estimated effects of SSB intake
on obesity and obesity on cancer risk, policy implementation
costs, and health-related costs (see Table 1). This study was ex-
empt from the institutional review board review.

Population Characteristics

We estimated the frequency distribution of 32 population sub-
groups by age (20-44, 45-54, 55-64, and 65 years and older), sex,
and race and ethnicity (non-Hispanic White, non-Hispanic
Black, Hispanic, other) from the two most recent cycles (2013-
2014 and 2015-2016) of the National Health and Nutrition
Examination Survey (NHANES), a cross-sectional national sur-
vey representing the noninstitutionalized population of the
United States. The population was further stratified by the fede-
ral poverty-to-income ratio (FPIR) into low-income (�1.85) and
higher-income (>1.85) groups. We also estimated the proportion
of US adults with overweight or obese (body mass index [BMI] �
25 kg/m2) in each subgroup and by income status. The NHANES
survey weights were adjusted in all analyses (29).

Sugar-Sweetened Beverage Consumption

SSBs were defined as any nonalcoholic, carbonated, or noncar-
bonated beverages with added caloric sugar including sodas,
fruit drinks, sweetened teas, sports drinks, and energy drinks
(Supplementary Methods and Supplementary Table 1, available
online) (30). We further defined caloric as at least 5 grams of
added sugar per 12-ounce serving (Supplementary Table 2,
available online). The mean consumption of SSBs was

estimated based on dietary data collected from 1 or 2 valid 24-
hour diet recalls among participants of NHANES 2013-2016.
Energy-adjusted mean intake of SSB consumption was esti-
mated for each subgroup and by income status (Supplementary
Table 3, available online) (31).

Policy Effects

Reduction in SSB consumption post tax was estimated based on
price elasticity estimates, which correspond to change in SSB
consumption in response to an increase in SSB price
(Supplementary Methods, available online) (22). Higher price
elasticity was applied to low-income compared with higher-
income individuals (22). Based on price elasticities and national
average SSB price (32), we estimated a 10.8%, 16.8%, and 8.3%
decrease in SSB intake for the total US adult population, low-
income, and higher-income individuals, respectively, in re-
sponse to penny-per-ounce SSB tax (Supplementary Table 4,
available online). The policy was assumed to result in a one-
time reduction in SSB consumption during the first year, and
the policy effect was maintained in future years.

Cancer Statistics and Cancer-Related Quality of Life

We obtained incidence rates for 13 obesity-related cancers in
2015 from the Surveillance, Epidemiology, and End Results
(SEER) and the Centers for Disease Control and Prevention’s
National Program of Cancer Registries (Supplementary
Methods, available online) (33). We projected future cancer inci-
dence rates using the average annual percent change method
for each cancer type over the next 15 years (from 2016 to 2030)
and held the incidence rate constant for subsequent years (4,
34). The 5-year relative survival for each cancer type was
obtained from SEER and converted to annual probabilities of dy-
ing assuming a constant hazard rate [35]. The health-related
quality of life for each cancer type was extracted from published
literature (Supplementary Methods and Supplementary Table 5,
available online) (36–38).

Diet-BMI and BMI-Cancer Effect Sizes

The effects of changes in SSB intake on changes in BMI were es-
timated from a pooled analysis of 120 977 men and women in 3
prospective cohort studies in the United States, including sepa-
rate estimates for individuals who were normal weight and
overweight or obese at baseline (23,39). Relative risk estimates
of BMI and cancer risk were based on meta-analysis and sys-
tematic reviews of cohort studies published by the World
Cancer Research Fund/American Institute for Cancer Research
and International Agency for Research on Cancer
(Supplementary Table 6, available online) (2,24,40).

Policy Costs

The total implementation costs of SSB tax included the govern-
ment cost for tax administration and the beverage industry
compliance costs to comply with tax regulations
(Supplementary Methods and Supplementary Table 7, available
online). We estimated the overall cost of implementing the na-
tional SSB tax policy as 2% of the annual SSB tax revenue (41–
43), with 1% each for the government administrative and indus-
try compliance costs.
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Table 1. Key input parameters and data sources for the Diet and Cancer Outcome Model (DiCOM) a

Model input parameters Description Data sources

Population demographic characteristics
of US adults

Age, sex, and race/ethnicity distribution
among US adults aged 20 years and older,
stratified by income

NHANES 2013-2016

Percent of overweight or obese (BMI � 25
kg/m2) among US adults

Age-, sex-, and race/ethnicity-specific prev-
alence of overweight and obesity among
US adults aged 20 years and older, strati-
fied by income

NHANES 2013-2016

SSB consumption among US adults Age-, sex-, and race/ethnicity-specific SSB
consumption among US adults aged 20þ
years and older, stratified by income

NHANES 2013-2016 Supplementary
Methods (available online)
Supplementary Table 3 (available online)

Policy specification The national penny-per-ounce tax on SSB Supplementary Table 2 (available online)
Policy effect size estimates, % (95 % CI) Change in SSB intake per 10% change in

price
Supplementary Methods (available online)

Supplementary Table 4 (available online)
Wada et al., 2015 (22)Total US adult population �0.66 (-0.95 to -0.36)

Low-income US adults (FPIR � 1.85) �1.03 (-1.58 to -0.47)
Higher-income US adults (FPIR > 1.85) �0.51 (-0.95 to -0.36)

Policy implementation costs, $ millions,
annually

Supplementary Methods (available online)
Supplementary Table 5 (available online)

Reports from Muni servicesGovernment administration costs 1% of SSB tax revenue
Industry compliance costs 1% of SSB tax revenue

Cancer incidence and survival Incidence and 5-year relative survival rates
for each cancer type by age, sex, and
race/ethnicity

SEER
Supplementary Methods (available online)

Effect size estimates of SSB-BMI, kg/m2 b (95% CI), per 1 serving/d increase in SSB Mozzafarian et al., 2011 (23)
Individuals with BMI <25 kg/m 2 0.10 (0.05 to 0.15)
Individuals with BMI � 25 kg/m 2 0.23 (0.14 to 0.32)

Relative risk (95% CI) estimates of BMI-cancer
risk, per 5 kg/m2 increase in BMI
Endometrial cancer 1.50 (1.42 to 1.59) WCRF/AICR, 2018 (24) Lauby-Secretan et al.,

2016 (2)Esophageal adenocarcinoma 1.48 (1.35 to 1.62)
Kidney cancer 1.30 (1.25 to 1.35)
Liver cancer 1.30 (1.16 to 1.46)
Gallbladder cancer 1.25 (1.15 to 1.37)
Stomach cancer (gastric cardia) 1.23 (1.07 to 1.40)
Female breast cancer (postmenopausal) 1.12 (1.09 to 1.15)
Pancreatic cancer 1.10 (1.07 to 1.14)
Multiple myeloma 1.09 (1.03 to 1.16)
Advanced prostate cancer 1.08 (1.04 to 1.12)
Thyroid cancer 1.06 (1.02 to 1.10)
Ovarian cancer 1.06 (1.02 to 1.11)
Colorectal cancer 1.05 (1.03 to 1.07)

Health-related costs, $ million, per year Health-related cost estimates for individu-
als with cancer for each cancer type and
the general population based on pub-
lished literature

Supplementary Methods (available online)

Direct medical costs Direct medical costs associated with cancer
by the phase of care (initial, continuing,
and end year of life) for individuals with
cancer, and direct medical costs for the
general population, by sex and age (youn-
ger than 65 and 65 years and older)

SEER-Medicare
Mariotto et al., 2011 (4)
Hogan et al., 2001 (25)

Productivity loss costs Productivity loss costs for individuals with
cancer and the general population

MEPS
Zheng et al., 2016 (26)
Guy et al., 2013 (27)

Patient time costs Patient time costs for individuals with can-
cer and the general population

MEPS
Yabroff et al., 2014 (28)

Health-related quality of life (HRQOL) HRQOL estimates for each cancer type
based on published literature assessing
HRQOL using EQ-5D

Supplementary Methods (available online)
Supplementary Table 7 (available online)

aSSBs were defined as any nonalcoholic, carbonated, or noncarbonated beverages with added caloric sweetener including sodas, energy drinks, sports drinks, and fruit drinks. (23)

Dietary intake of SSBs was derived from 1 or 2 valid 24-hour dietary recalls using NHANES 2013-2016 data. The mean intake of 8oz serving/day of SSB consumption was estimated

for each of the 32 demographic subgroups and by income status. AICR ¼ American Institute for Cancer Research; BMI ¼ Body Mass Index; CI ¼ Confidence Interval; MEPS ¼
Medical Expenditures Panel Survey; NHANES ¼ National Health and Nutrition Examination Survey; FPIR ¼ Federal Poverty-to-Income Ratio; RR ¼ Relative Risk; SEER ¼
Surveillance, Epidemiology, and End Results Program; SSB¼ Sugar-sweetened Beverages; WCRF¼World Cancer Research Fund.
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Health-Related Costs

We estimated the health-related costs in 2015 including the di-
rect healthcare costs and indirect patient time and productivity
loss costs, estimated separately for individuals with and with-
out cancer (Supplementary Methods, available online). For indi-
viduals with cancer, the direct healthcare costs were obtained
by age (younger than 65 years and 65 years and older), sex, and
phase of cancer care (initial, continuing, and end year of life)
from nationally representative claim data of Medical
Expenditure Panel Survey data and Medicare linked to SEER (4).
For individuals without cancer, the direct healthcare costs were
estimated by age (younger than 65 years and 65 years and older)
and sex from the national Medical Expenditure Panel Survey
data (25). Health-related costs were projected from 2016 to 2025
with no further increase beyond 2025. All costs were adjusted to
2015 US dollars using the personal healthcare index.

Cost-Effectiveness Analysis

We used the DiCOM model to estimate the health gains including
the number of new cancer cases prevented, cancer deaths averted,
quality-adjusted life-years (QALYs) gained, total life years saved,
and the cost-effectiveness using the incremental cost-effectiveness
ratio (ICER). The ICER was calculated as the ratio of net costs to
QALYs gained, all discounted at 3% annually. These net costs reflect
cancer-related costs only and do not include health-related costs
saved or spent on other diseases due to SSB tax. We evaluated the
cost-effectiveness from both the government affordability and soci-
etal perspectives. The government affordability perspective in-
cluded the government implementation costs and direct health-
care costs of cancer care. The societal perspective added industry
compliance costs and indirect productivity loss and patient time
costs. Willingness-to-pay thresholds were defined as cost-effective
when falling below $150 000 per QALY and highly cost-effective if
less than $50 000 per QALY (44). We further compared the health
gains, costs, and ICERs among age, sex, and race and ethnicity sub-
groups and by income status.

We performed one-way sensitivity analyses to address struc-
tural uncertainties in the model assumptions. We used empirical
estimates synthesized from reported changes in SSB volume sold
after SSB tax implemented in Philadelphia, Pennsylvania; Cook
County, Illinois; and Seattle, Washington, as the policy effect (-
11.4%) (Supplementary Methods, available online). To explore to
what extent the estimates were driven by assuming cancer inci-
dence continuing with the current trend, we performed a sensitivity
analysis by assuming no time trends in cancer incidence and sur-
vival over the study period. We also performed analyses with a
shorter time horizon and evaluated at which year the policy would
reach the cost-effectiveness threshold (44). Besides, we conducted
probabilistic sensitivity analyses that jointly accounted for the
uncertainties around model inputs and assumptions. Following
1000 model simulations, the results reported 95% uncertainty inter-
vals (UI). All analyses and model development were conducted in
Stata, version 14 (College Station, TX) and R, version 3.3.1 (Vienna,
Austria) (45,46).

Results

Population Characteristics and SSB Intake

The mean age of US adults was 47.7 (SE ¼ 0.34) years, about
two-thirds (65.3%) were non-Hispanic White, two-thirds (70.3%)

were overweight or obese, and one-third (33.5%) were low in-
come. The population mean intake of SSBs was 1.17 (SE ¼ 0.05)
8-oz servings per day among all US adults, with higher intakes
among low-income (1.32 [SE ¼ 0.09] 8-oz servings per day) than
higher-income (1.05 [SE ¼ 0.04] 8-oz servings per day)
individuals.

Health Gains

Over a lifetime, a national penny-per-ounce SSB tax would pre-
vent 22 075 (95% UI ¼ 16 040-28 577) new cancer cases, avert
13 524 (95% UI ¼ 9841-17 681) cancer deaths, and gain 86 542
(95% UI ¼ 62 220-113 147) QALYs (Table 2). Approximately 4800
more new cancer cases and 3100 more cancer deaths were
averted among low-income adults (15 806, 95% UI ¼ 12 888-
19 020 new cancer cases; 9714, 95% UI ¼ 7904-11 805 cancer
deaths) than higher-income adults (10 965, 95% UI ¼ 7577-14 884
new cancer cases; 6609, 95% UI ¼ 4594-9018 cancer deaths)
(Table 2 and Figure 1). Per 1 million population, greater health
gains were observed among low-income (201, 95% UI ¼ 164-241
new cancer cases; 123, 95% UI ¼ 100-150 cancer deaths) com-
pared with higher-income adults (70, 95% UI ¼ 48-95 new cancer
cases; 42, 95% UI ¼ 29-58 cancer deaths), overall and across age,
sex, and race and ethnicity subgroups (Figure 2). The QALYs
gained and life-years saved were also consistently greater
among low- than higher-income individuals (Table 2). Women
and minorities were estimated to have the largest health gains
among all population subgroups (Figure 3).

Cost-Effectiveness

Implementation of a national penny-per-ounce SSB tax was es-
timated to cost the government $1.70 billion (95% UI ¼ 1.50-1.95)
in administrative costs and the beverage industry $1.70 billion
(95% UI ¼ 1.48-1.96) in compliance costs (Figure 4). At the same
time, the policy was estimated to save $2.28 billion (95% UI ¼
1.67-2.98) in cancer-related healthcare costs from fewer new
cancer cases and deaths. Cancer-related healthcare costs saved
were $1.60 billion (95% UI ¼ 1.33-1.92) among low-income
adults, which was approximately $0.34 billion more than the
healthcare costs saved ($1.26 billion, 95% UI ¼ 0.88-1.74) among
higher-income adults.

From a government affordability perspective, the SSB tax
was estimated to be highly cost-effective (ICER ¼ 1486 perQALY,
95% UI ¼ -$3516-$9265 per QALY), not including the tax reve-
nues generated (Table 2). From a societal perspective (omitting
the tax revenues and adding industry compliance costs along
with indirect costs saved because of fewer cancer cases and
deaths), the SSB tax was also highly cost-effective (ICER ¼
$13 220perQALY, 95% UI ¼ $3453-$28 120perQALY) (Figure 5).
Among low-income individuals, the SSB tax was cost-saving,
with net savings of $422 million (95% UI ¼ $223-$639) and $272
million (95% UI ¼ -$28-$580) from the government affordability
and societal perspectives, respectively. Among higher-income
individuals, the policy was highly cost-effective from the gov-
ernment affordability (ICER ¼ $2486perQALY, 95% UI ¼ -$3733-
$13 458perQALY) and societal perspectives (ICER ¼
$16 203perQALY, 95% UI ¼ $3902-$36 085 perQALY).

Sensitivity Analyses

Using empirical evidence from implementing SSB taxes as the
policy effect size, the number of new cancer cases and cancer
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deaths prevented among US adults over a lifetime would dou-
ble, with $1.11 (95% UI ¼ $0.55-$1.74) billion and $683 (95% UI ¼ -
$142-$1619) million net savings from the government afford-
ability and societal perspectives, respectively (Supplementary
Table 8, available online). Assuming no trends in cancer inci-
dence and survival over time, the estimated health gains and
economic impact of the SSB tax were smaller but remained
highly cost-effective (Supplementary Table 9, available online).
When a shorter time horizon was modeled, the policy was
highly cost-effective at both 10 and 15 years from the govern-
ment affordability perspective. From the societal perspective,
the policy was not cost-effective over 10 years but achieved
cost-effectiveness over 15 years (ICER ¼ $136 837 perQALY, 95%
UI ¼ $84 127-$219 067 perQALY) (Supplementary Table 10, avail-
able online).

Discussion

Our nationally representative simulation model estimated that
a national penny-per-ounce excise tax on SSB would prevent
more than 22 000 new cancer cases and 13 500 cancer deaths
and save $2.28 billion in healthcare costs for cancer care among
US adults over a lifetime. Accounting for costs of policy imple-
mentation, the SSB tax is highly cost-effective from both gov-
ernment affordability and societal perspectives (not including
$6.6 billion in tax revenues). Greater health gains and economic
benefits were consistently seen among low-income compared
with higher-income individuals.

Based on strong evidence linking body fatness and cancer
risk (24), the latest World Cancer Research Fund/American
Institute for Cancer Research Expert Report includes maintain-
ing a healthy weight and avoiding weight gain in adulthood as

one of the key recommendations for cancer prevention.
Similarly, the American Society of Clinical Oncology considers
obesity to be an underappreciated risk factor for cancer and
advocates for effective strategies to help patients lose weight
and make other healthy lifestyle changes (47). Yet, obesity-
related cancer burdens have been increasing in the United
States, particularly among younger adults (5). If the current
trends continue, it is estimated that obesity will become the
leading cause of preventable cancer-related death (5). However,
the public remains generally unaware of the strong links be-
tween obesity and cancer (48). Cost-effective population-based
strategies are needed to reduce obesity and related cancer bur-
dens in the United States.

Leading US health organizations including the American
Heart Association and American Academy of Pediatrics have
endorsed the implementation of SSB taxes (49). Both feasibility
and effectiveness in reducing SSB intakes are supported by the
seven US cities and locales that have adopted volume-based
SSB taxes (18,50); Berkeley, California, was the first city in the
United States to levy a penny-per-ounce SSB tax in 2015 and has
resulted in a 19.8% reduction in SSB consumption after 1 year of
policy implementation (51). Two years later, Philadelphia,
Pennsylvania, enacted a 1.5 cents-per-ounce tax that was asso-
ciated with a 38% reduction in the volume of taxed beverages
sold (52). The most recent publications on SSB taxes reported a
21% reduction in SSB sales after implementing a penny-per-
ounce tax in Cook County, Illinois, and a 22% reduction in SSB
sales after implementing a 1.75 cents-per-ounce tax in Seattle,
Washington (53). We modeled a much more conservative policy
effect size (10.8% reduction overall, including 16.8% among low-
income adults and 8.3% among higher-income adults). When
the empirical evidence from the SSB taxes currently

Table 2. Estimated health gains, costs, and cost-effectiveness of a penny-per-ounce national sugar-sweetened beverage (SSB) tax on reducing
cancer burden among US adults aged 20 years or older over a lifetimea

Health gains and cost-effectiveness

Total US adults
Median (95% UI)
(n¼ 235 162 844)

Low-income adults
Median (95% UI)
(n¼ 78 779 553)

Higher-income adults
Median (95% UI)
(n¼ 156 383 293)

Overall health outcomes
New cancer cases prevented 22 075 (16 040 to 28 577) 15 806 (12 888 to 19 020) 10 965 (7577 to 14 884)
Cancer deaths averted 13 524 (9841 to 17 681) 9714 (7904 to 11 805) 6609 (4594 to 9018)
Life-years saved 60 407 (43 089 to 79 594) 44 768 (36 171 to 54 390) 31 186 (21 479 to 42 304)
QALYs gained 86 542 (62 220 to 113 147) 63 277 (51 833 to 76 727) 44 980 (31 148 to 61 632)

Policy implementation costs, $ millionsb

Government administration costs 1704 (1502 to 1948) 670 (586 to 774) 1000 (880 to 1133)
Industry compliance costs 1695 (1476 to 1955) 666 (576 to 772) 994 (871 to 1135)

Cancer-related healthcare costs, $ millions
Direct medical costs �1586 (-2069 to -1160) �1092 (-1306 to -914) �879 (-1209 to -615)
Productivity loss costs �607 (-794 to -435) �441 (-529 to -364) �331 (-451 to -266)
Patient time costs �98 (-129 to -69) �71 (-84 to -58) �54 (-75 to -36)

Net costs, $ millionsc

Government affordability perspective 125 (-383 to 605) �422 (-639 to -223) 111 (-225 to 421)
Societal perspectivec 1126 (388 to 1814) �272 (-580 to 28) 723 (236 to 1145)

ICER, $
Government affordability perspectiveb 1486 (-3516 to 9265) Cost-saving 2486 (-3733 to 13 458)
Societal perspectivec 13 220 (3453 to 28 120) Cost-saving 16 203 (3902 to 36 085)

aLow-income was defined as the federal poverty-to-income ratio (FPIR) � 1.85, and higher-income was defined as FPIR > 1.85. ICER ¼ incremental cost-effectiveness ra-

tio; QALYs ¼ quality-adjusted life years; UI, uncertainty interval.
bPolicy implementation costs represent the net present value over a lifetime with a 3% discount rate. The tax policy was assumed to have a one-time effect on reducing

SSB consumption that lasts for subsequent years with no further reduction.
cThe government affordability perspective reflects the difference between the government costs for implementing the policy and direct healthcare costs saved for can-

cer care. The societal perspective reflects the difference between the policy implementation costs (including both government administration costs and industry com-

pliance costs) and the health-related costs saved (including direct healthcare costs, productivity loss costs, and patient time costs).
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implemented in the US cities and locales was used, the esti-
mated health gains doubled, and the policy became cost-saving.

Our findings suggest that a national SSB tax would reduce
cancer disparities in the United States, with larger benefits
among low-income populations. These findings are consistent
with the empirical experience following Mexico’s national SSB
tax (54,55) and a modeling study in Australia (56). Additionally,
we found that women would experience larger health benefits
than men related to postmenopausal breast cancer and espe-
cially endometrial cancer. Overall, the estimated health gains
and economic benefits for a national penny-per-ounce SSB tax
were smaller than those estimated for cigarette taxes (57). The
greater benefits of cigarette taxes could be due to a larger dis-
ease burden attributable to cigarette smoking (58). The cigarette

is also taxed at a much higher rate (nearly half of the pretax
price) (59) than the current SSB tax (about 20% of the pretax
price) (60). Compared with other food tax policies such as 10%
excise tax on processed meat (21), the impact of SSB tax was
also smaller, which is likely due to a much larger relative risk
estimate of high processed meat (24) vs high SSB consumption
on cancer risk (23,39).

Nevertheless, a national penny-per-ounce SSB tax is still a
highly cost-effective approach for cancer prevention. In response
to the increasing attention around SSB taxes, the beverage in-
dustry has been focusing its efforts to prevent additional soda
taxes from being implemented (17). Establishing and operating
campaigns and lobbying against SSB taxes is a well-established
strategy of the industry (61–63). A national SSB excise tax would
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Figure 1. Estimated number of new cancer cases and cancer deaths averted over a lifetime among US adults by a nationwide penny-per-ounce sugar-sweetened beverage

tax among low-income and higher-income individuals. Low-income was defined as the federal poverty-to-income ratio (FPIR) � 1.85 and higher-income as FPIR > 1.85.
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eliminate the heterogeneity across states and locales and the
threat of state preemption. If the estimated $6.6 billion annual
tax revenues could be used for programs to increase access to af-
fordable and healthy foods for low-income families or toward
educational campaigning (64,65), greater health gains and eco-
nomic benefits could be obtained at the national level.
Additionally, a higher tax rate (eg, 2 cents-per-ozcents per oz) or
tiered volume tax could also generate greater health gains and
economic benefits than the penny-per-ounce tax.

Potential limitations should also be considered. First, al-
though using the best available data, the actual magnitude of
the policy effect depends on the validity of data inputs used. We
conducted probabilistic sensitivity analyses to account for

uncertainties around the model inputs and one-way sensitivity
analyses to evaluate the extent to which structure uncertainties
in the model assumptions affect the results. Second, we did not
model health gains from reduced cardiovascular diseases, type
2 diabetes, or dental caries that are associated with high SSB
consumption (19,20, 64,66–68) and potential health gains result-
ing from leveraging the SSB tax revenue for other public health
actions. In addition, policy implementation may lead to
increases in healthcare costs (and thus fewer savings) if the pol-
icy contributes to a longer lifespan as a result of lower cancer in-
cidence. The overall policy impact remains unknown, and our
findings only represent costs and health gains for obesity-
associated cancers. Third, our analysis did not account for
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Figure 2. Estimated number of new cancer cases and cancer deaths averted over a lifetime among US adults per 1 000 000 by a penny-per-ounce national sugar-sweet-

ened beverage tax among low-income and higher-income individuals. Low-income was defined as the federal poverty-to-income ratio (FPIR) � 1.85 and higher-income

as FPIR > 1.85.
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potential policy impacts on reducing SSB consumption in chil-
dren and subsequent childhood obesity. This was largely be-
cause of the lack of well-established evidence on how the
trajectory of childhood obesity lasts into adulthood and the lack

of evidence on childhood obesity and cancer risk. Thus, the cur-
rent policy effect could be underestimated. Fourth, we did not
consider alternative SSB tax structures such as tiered volume
taxes or sugar content taxes, which may incentivize

Number of New Cancer Cases Prevented and Cancer Deaths Averted 

Per 1000000 populationnoitalupoPlatoT

N
ew

 C
an

ce
r 

C
as

es
 P

re
ve

nt
ed

 
C

an
ce

r 
D

ea
th

s 
A

ve
rt

ed

QALYs Gained and Life Years Saved 

Total Population Per 1000000 population

Q
A

L
Y

s 
G

ai
ne

d

0                 5000              10000             15000

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0 50 100 150 200

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0                  5000              10000            15000

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0 50 100 150 200

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0                   25000                 50000                 75000

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0 200 400 600 800

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0                    25000                 50000               75000

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower Income

0 200 400 600 800

Female
Male

20-44yo
45-54yo
55-64yo

65+yo

Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

Higher Income

Lower IncomeL
if

e 
Y

ea
rs

 

Figure 3. Estimated health gains per 1 000 000 US adults over a lifetime by a penny-per-ounce national sugar-sweetened beverage tax by age, sex, race and ethnicity,

and income. Low-income was defined as the federal poverty-to-income ratio (FPIR) � 1.85 and higher-income as FPIR > 1.85. QALY ¼ quality-adjusted life-years.
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manufacturers to reformulate products and partly reduce the
sugar content (68). Fifth, we did not integrate changes in popu-
lation demographics such as income, education, and race and
ethnicity over time. However, the main results of cost-
effectiveness will remain relatively stable regardless of demo-
graphic shifts, because the analysis is comparing the policy sce-
nario to a status quo, which tends to cancel out the
demographic changes because they equally occur in both
scenarios.

Despite these limitations, our study provides the first-line
estimates that incorporated nationally representative data on
demographics, SSB consumption, and cancer incidence. We
evaluated multiple phases of cancer including initial diagnosis
and treatment, continuous care, and end year of life, incorporat-
ing health transitions and healthcare costs of 13 types of
obesity-related cancer. Our model integrated conservative pol-
icy effect estimates and included etiologic effects of BMI on can-
cer risk from well-conducted systematic reviews and meta-
analyses of prospective cohort studies. In addition to direct
healthcare costs, we also incorporated the indirect costs of pa-
tient time and productivity loss to provide a societal perspec-
tive. We compared the health gains and economic impacts by
age, sex, race and ethnicity, and income to assess whether the
policy may reduce cancer disparities.

A national penny-per-ounce SSB tax is estimated to be cost-
effective on reducing cancer burden and disparities in the
United States, with the largest health gains and economic bene-
fits among low-income Americans.
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