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IMPORTANCE Sweetened beverage taxes are one policy approach to reduce intake of added
sugars. Soda is the leading source of added sugars in the US diet, but few studies have
examined how such taxes influence sweetened beverage intake in youth.

OBJECTIVE To estimate the association between the Philadelphia, Pennsylvania, beverage tax
and adolescent soda intake.

DESIGN, SETTING, AND PARTICIPANTS This economic evaluation of school district–level Youth
Risk Behavior Surveillance System data from September 2013 to December 2019 compared
weekly soda intake in high school students in Philadelphia, a city with a sweetened beverage
tax, with that in 7 comparison cities without beverage taxes. Difference-in-differences
regression modeling was used to estimate change in soda intake in Philadelphia compared
with control cities. Secondary analyses compared 100% juice and milk intake to explore
potential substitution associations. Subgroup analyses evaluated differences by race and
ethnicity and weight status (obesity and overweight or obesity). Analyses were performed
between August 20 and October 20, 2020. School districts that had weighted data and a
survey question on weekly soda intake from 2013 to 2019 were included. The study included
high school students, grades 9 to 12, in school districts participating in the Youth Risk
Behavior Surveillance System from 2013 to 2019.

EXPOSURES Implementation of a sweetened beverage tax in Philadelphia, Pennsylvania, in
January 2017.

MAIN OUTCOMES AND MEASURES Reported weekly servings of soda, 100% juice, and milk.

RESULTS A total of 86 928 participants (weighted mean [SD] age, 15.8 [1.3] years; 49%
female) from 8 US cities (including Philadelphia) were included. Before the tax, adolescents in
the 7 comparison cities had a mean intake of 4 servings of soda per week compared with 5.4
servings per week in Philadelphia. Philadelphia’s tax was associated with a reduction of 0.81
servings of soda per week (95% CI, −1.48 to −0.14 servings; P = .02) 2 years after tax
implementation. There was no significant difference in 100% juice or milk intake, although
Philadelphia adolescents consumed more juice than those in nontaxed cities. In subgroup
analyses, the tax was associated with a reduction of 1.13 servings per week in Hispanic/Latinx
adolescents (95% CI, −2.04 to −0.23 servings; P = .01) and 1.2 servings per week in
adolescents with obesity (95% CI, −2.33 to −0.13 servings; P = .03).

CONCLUSIONS AND RELEVANCE This economic evaluation found that a sweetened beverage
tax was associated with a reduction in soda intake among adolescents, providing evidence
that such taxes can improve dietary behaviors.

JAMA Pediatr. doi:10.1001/jamapediatrics.2021.3991
Published online October 18, 2021.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Emma K.
Edmondson, MD, MSHP, Department
of Pediatrics, Children’s Hospital of
Philadelphia, 3401 Civic Center Blvd,
Philadelphia, PA 19104 (edmondsone
@chop.edu).

Research

JAMA Pediatrics | Original Investigation

(Reprinted) E1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Kristen Daskilewicz on 10/29/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2021.3991?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.3991
https://jamanetwork.com/journals/ped/fullarticle/10.1001/jamapediatrics.2021.3991?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2021.3991
mailto:edmondsone@chop.edu
mailto:edmondsone@chop.edu


N early half of added sugars in the US diet comes from
beverages, with one-quarter of added sugars from soda
alone.1-3 Adolescents and young adults consume more

sweetened beverages than any other age group, and high sweet-
ened beverage consumption is linked to obesity, type 2 dia-
betes, cardiovascular disease, and many types of cancers.1-8

Sweetened beverage consumption and obesity prevalence
are highest among Black and Hispanic/Latinx adolescents,
aligning with broader health disparities in the US population
that are rooted in structural racism and income inequality.9-11

The type of sweetened beverages consumed also differs by race
and ethnicity, with Hispanic/Latinx and White adolescents
consuming more soda and Black adolescents consuming
more sweetened fruit drinks.1,2,12,13 One in 5 US adolescents
has obesity, and, for most, obesity persists and worsens in
adulthood.11,14 Adolescence is thus a crucial time to inter-
vene in unhealthy dietary habits and ameliorate health
disparities that only widen in adulthood.11,14

Excise taxes on sweetened beverages are one policy ap-
proach to decrease consumption of added sugars.15 Numer-
ous countries and 8 US cities have implemented sweetened
beverage taxes.16-19 The largest of these cities is Philadelphia,
Pennsylvania, which implemented a per-ounce tax of $0.015
on sugar-sweetened and artificially sweetened beverages on
January 1, 2017 (all other US cities with beverage taxes tax only
sugar-sweetened beverages). Sweetened beverage taxes have
been associated with consistent reductions in sales of taxed
beverages.20-28 The data on whether taxes resulted in de-
creased sweetened beverage consumption are less clear,
perhaps owing to reliance on self-reported data and small or
modest sample sizes.25-32

In Berkeley, California, a sweetened beverage tax was as-
sociated with a sustained reduction in adults’ reported con-
sumption of sweetened beverages up to 3 years after tax
implementation.29,30 In 1 Philadelphia study with a small
sample size, the probability of being a daily adult consumer
of sugar-sweetened soda decreased by 40% shortly after tax
implementation, but other measures of sweetened beverage
intake did not change.31 Null effects on consumption were also
reported 1 year later.32

Results among youth are similarly mixed, although exist-
ing studies have small, nonrepresentative samples.25,28 Two
studies evaluating beverage taxes in Oakland, California, and
Philadelphia found no change in added sugar consumption
among all youth (age 2-17 years), although Philadelphia’s tax
was associated with a 22% reduction in sweetened beverage
intake among youth who were heavy baseline sweetened bev-
erage drinkers (consuming added sugars equivalent to at least
one 20-ounce soda per day pretax).25,28 To our knowledge, no
studies have focused specifically on adolescent sweetened bev-
erage consumption in response to beverage taxes, and stud-
ies with large sample sizes are lacking.

To better understand the influence of sweetened bever-
age taxes on adolescent sweetened beverage consumption, we
used data from the Youth Risk Behavior Surveillance System
(YRBSS), which collects surveys from representative samples
of high school students in cities throughout the US. Using
YRBSS school district–level data, we conducted a difference-

in-differences analysis to examine the association between
Philadelphia’s sweetened beverage tax and self-reported soda
consumption in high school students in Philadelphia com-
pared with control locations without taxes. We also exam-
ined self-reported milk and 100% juice consumption. We hy-
pothesized that Philadelphia’s tax would be associated with
reduced soda consumption and there would be no meaning-
ful changes in milk and 100% juice intake.

Methods
Data and Sample
The YRBSS is a biennial survey of high school students’ risk
behavior, supported by the Centers for Disease Control and Pre-
vention. For this economic evaluation, we obtained deiden-
tified school district–level YRBSS data that contained self-
reported weekly soda, milk, and 100% juice consumption, as
well as demographic information. The school district–level
YRBSS uses 2-stage sampling of high schools and classrooms
to create a representative sample of all students in grades 9 to
12 in each school district.33 We included school districts that
had weighted data and a survey question on weekly soda in-
take from September 2012 to December 2019, which includes
2 sampling cycles before and after the implementation of Phila-
delphia’s sweetened beverage tax, to capture secular trends
in beverage consumption.34 This sampling included data from
86 928 high school students who participated in the YRBSS in
8 US school districts: Philadelphia, Pennsylvania; New York,
New York; Baltimore, Maryland; Orange County, Florida; Palm
Beach County, Florida; Broward County, Florida; San Diego,
California; and Los Angeles, California. Written parental con-
sent for participation was obtained by each school.35 The Chil-
dren’s Hospital of Philadelphia’s institutional review board
deemed this study not human subjects research and there-
fore exempt from review.

We conducted the primary analysis with the full popula-
tion of high school students participating in YRBSS from the
included sites. Covariates included age, sex, race and ethnic-
ity, body mass index, year, and school district. We then con-
ducted subgroup analyses by race and ethnicity and by weight

Key Points
Question Is a sweetened beverage tax associated with reduced
soda consumption in high school students?

Findings In this economic evaluation of representative data from
8 US school districts from 2013 to 2019, self-reported soda
consumption among high school students in Philadelphia,
Pennsylvania, which has a sweetened beverage tax, was compared
with that of students in cities without taxes. Philadelphia’s tax was
associated with a statistically significant reduction in soda
consumption of 0.81 servings of soda per week 2 years after tax
implementation.

Meaning Sweetened beverage taxes are associated with
improved dietary behaviors, such as reduced soda consumption,
among high school students.
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status (overweight or obesity) to identify groups that may have
been more responsive to the tax. We identified adolescents with
overweight or obesity according to pediatric definitions by body
mass index percentiles (between the 85th and 95th percen-
tiles for overweight and above the 95th percentile for obesity).36

Race and ethnicity were self-reported and condensed to a
4-level variable within the YRBSS (including Black or African
American, Hispanic/Latinx, White, and all other races).34

Exposure and Outcome
The exposure was Philadelphia’s city-level sweetened bever-
age tax that went into effect on January 1, 2017. Because the
data collection period for YRBSS is between March and May
in a given year, we considered students as exposed to the policy
beginning in the 2017 YRBSS cycle. None of the other cities in-
cluded in the analysis enacted sweetened beverage taxes
during the study period.

The primary outcome was the number of reported serv-
ings of soda consumed per week, in response to the question,
“During the past 7 days, how many times did you drink a can,
bottle, or glass of soda or pop, such as Coke, Pepsi, or Sprite
(do not count diet soda or diet pop)?” The response options
were 0, 1 to 3 times, 4 to 6 times, 1 time per day, 2 times per
day, 3 times per day, and 4 or more times per day. We trans-
formed the response options into number of servings of soda
per week (eg, 3 times per day was transformed to 21 servings
in the last 7 days). When the response included a range, we used
the midpoint (eg, 1 to 3 times during the last 7 days was trans-
formed to 2 servings of soda during the last 7 days). Our sec-
ondary outcomes were reported servings of milk and 100%
juice per week. The soda question and those regarding milk
and 100% juice were worded similarly.

All responses were self-reported by high school stu-
dents using instruments that the YRBSS refined to improve
reliability and validity.33 Further background on the reliabil-
ity of YRBSS data can be found in eAppendixes 1-3 in the
Supplement.

Statistical Analysis
We estimated the association between implementation of a
sweetened beverage tax and the number of servings of soda
consumed per week using a difference-in-differences ap-
proach, which compares the mean change of an outcome be-
fore and after a policy implementation in groups exposed and
unexposed to the policy.37 All analyses were conducted with
Stata version 15 (StataCorp LLC).

The difference-in-differences approach relies on a parallel-
trends assumption that asserts that had there been no tax in
Philadelphia, the soda consumption trend would have been
similar to that in the nonintervention cities. This counterfac-
tual assumption is not directly testable, but we assessed its fea-
sibility by assessing whether the soda consumption trend in
the pretax period in Philadelphia was parallel to that in the com-
parison cities combined. We accomplished this by perform-
ing a linear regression analysis of reported weekly servings of
soda consumed before implementation of the tax, estimating
an interaction term between year and city with a tax (Phila-
delphia) and controlling for age, sex, race and ethnicity, and

body mass index. We included school district as a covariate to
adjust for the time-variant characteristics that could produce
differences in absolute levels of soda consumption by school
district. We performed χ2 tests to evaluate for changes in demo-
graphic composition over time in the intervention and non-
intervention groups.

We also reviewed news articles and health department
websites in all of the cities included in the analysis for policies
or campaigns that could have affected sweetened beverage
consumption to assess the “common shock” assumption,
which assumes that any event that occurs during the inter-
vention period affects all groups equally. New York City was
the only site that had a public health campaign aimed at
decreasing sweetened beverage consumption. Because its
potential influence would likely decrease sweetened beverage
consumption in New York City and possibly lead to underesti-
mation of the tax effect in Philadelphia, we included New
York City in the main analysis and performed sensitivity
analyses without it.

In the difference-in-differences analysis, we estimated
the change in weekly soda consumption in the pretax vs post-
tax period in Philadelphia compared with all other compari-
son cities by estimating the interaction between binary indi-
cators for presence of a tax and time in a linear regression
model and controlling for school district, year, age, sex, race
and ethnicity, and body mass index. Because 11.9% of the
main outcome variable was missing at random, we performed
multiple imputations with chained equations and 20 itera-
tions to impute missing values. Predictors used in the equa-
tions included age, sex, race and ethnicity, body mass index,
city, and year. We accounted for the survey-weighted design
of YRBSS by using svy estimation in Stata.

We then performed subgroup analyses to obtain estimates
of reduction in soda consumption by racial or ethnic group and
by weight status (obesity and overweight or obesity) to explore
whether consumption habits would differ by these groups. We
included race and ethnicity because Black and Hispanic/
Latinx youth have different beverage consumption patterns
compared with White youth and higher rates of chronic
diseases associated with overconsumption of sweetened
beverages.10-13 These disparities are driven by structural rac-
ism and inequality in opportunity to engage in healthier
behaviors.38,39 Furthermore, because Black and Hispanic/
Latinx youth are more likely to live in lower-income house-
holds, we hypothesized that they might be more influenced by
a beverage tax, as has been observed with tobacco taxes.40,41

To account for multiple comparisons, a Bonferroni correction
was used in which P < .013 for the 4 analyses conducted within
racial or ethnic group (Black, Hispanic/Latinx, White, and other)
and P < .03 for the 2 analyses conducted within weight status
(obesity and overweight or obesity) was deemed statistically sig-
nificant. All P values were 2 sided.

Sensitivity Analyses
We performed sensitivity analyses to assess the robustness of
our findings. First, to assess the association of using multiple
imputation, we repeated the primary analysis as a complete
case analysis. We then repeated the primary analysis with the
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main outcome variable defined as the minimum soda serv-
ings per week instead of the midpoint to ensure we were not
overestimating an association. We performed an analysis ex-
cluding New York City because it ran a public health campaign
aimed at decreasing sweetened beverage consumption during
the study period. We included Baltimore City School District data
in the main analysis because of its nearby location and socio-
demographic similarities to Philadelphia, but Baltimore’s data
collection years were off cycle compared with those of the other
cities (Baltimore collected data in 2013, 2014, 2016, and
2018).20,34,42 This meant that we had only 1 year post–
Philadelphia tax in Baltimore, so we also conducted a sensitiv-
ity analysis excluding Baltimore. Further sensitivity analyses are
shown in the eMethods in the Supplement.

Results
Data were available for a total of 86 928 participants (weighted
mean [SD] age, 15.8 [1.3] years; 49% female and 51% male ado-
lescents). Twenty-eight percent of participants were Black;
41%, Hispanic/Latinx; 18%, White; and 13%, of other race or
ethnicity. Adolescents in Philadelphia and the comparison cit-
ies were similar in terms of sex (male adolescents, 50.1% vs
50.8%, respectively; female adolescents, 49.9% vs 49.2%)
(Table 1). Students in Philadelphia were slightly older than those
in cities without a tax (weighted mean [SD] age, 16.0 [1.2] years
vs 15.7 [1.3] years). Philadelphia also had more Black students
(53.5% vs 26.6%) and fewer White students (13.9% vs 17.7%) and
Hispanic/Latinx students (18.7% vs 42.4%). There was a larger
proportion of Philadelphia students vs those in comparison cit-
ies with overweight (17.0% vs 16.4%) or obesity (15.4% vs 12.9%).
Demographic characteristics in Philadelphia and comparison
cities remained stable over time except for a statistically signifi-
cant increase in proportion of students with obesity in compari-
son cities in the posttax period.

Trends in weekly soda consumption were parallel and
declining in Philadelphia and the comparison cities in the pre-
intervention period (Figure 1). Before tax implementation, tem-

poral trends in weekly soda consumption were not statisti-
cally significantly different between Philadelphia and the
comparison. Trends in weekly 100% juice consumption were
not parallel in the pretax period. Philadelphia lacked 2013 data
on milk consumption, so we were unable to adequately as-
sess milk for parallel trends. Analyses including 100% juice and
milk are thus exploratory.

Table 2 and Table 3 show the net change in student-
reported weekly servings of soda, 100% juice, and milk con-
sumed after tax implementation in Philadelphia compared with

Figure 1. Parallel-Trends Assessment Comparing Philadelphia
With All Other Nontaxed Cities in the Preintervention Period
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Trends in weekly soda consumption in Philadelphia and nontaxed comparison
cities in the preintervention period. Other plotted lines represent individual
cities’ soda consumption trends. To test the parallel-trends assumption, we
performed a linear regression analysis of reported weekly servings of soda
consumed before implementation of the tax and estimated an interaction term
between year and city with a sweetened beverage tax (Philadelphia),
controlling for school district, year, age, sex, race and ethnicity, and body mass
index. Temporal trends in weekly soda consumption were not significantly
different between Philadelphia and the comparison cities in the pretax period
(Philadelphia students consumed 0.06 servings per week more than students
in comparison cities) (95% CI, −0.95 to 1.10 servings; P = .90). NYC indicates
New York City.

Table 1. Participant Characteristics Across All Years of the Youth Risk Behavior Surveillance System, 2013-2019

Characteristic

Weighted %

P value
Philadelphia (SB tax)
(n = 5799)

All other cities (no SB tax)
(n = 81 129)

Age, mean (SD), y 16.04 (1.2) 15.74 (1.3) <.001

Sex

Male adolescents 50.1 50.8
.62

Female adolescents 49.9 49.2

Race and ethnicity

Black 53.5 26.6

<.001
Hispanic/Latinx 18.7 42.4

White 13.9 17.7

Othera 13.9 13.3

BMI

Mean 23.8 23.2

<.001Overweight 17.0 16.4

Obesity 15.4 12.9

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
SB, sweetened beverage.
a “Other” includes American Indian or

Alaska Native, Asian, Native
Hawaiian or Other Pacific Islander,
and any respondent who selected
multiple responses to the question
about race and ethnicity
(respondents were instructed to
select all that applied).
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cities without taxes. Before tax implementation, Philadel-
phia high school students reported a mean weekly consump-

tion of 5.4 servings of soda vs 4 servings of soda per week con-
sumed in the comparison cities. The tax was associated with

Table 2. Regression Results for Weekly Servings of Soda (Taxed Beverage) Consumed Pretax and Posttax Comparing Philadelphia
With All Other Cities

Variable
No. of
individuals

Mean servings consumed per week

Difference-in-differences
estimate (95% CI) P value

Philadelphia All other cities

Pretax Posttax
Within-group
difference Pretax Posttax

Within-group
difference

All 74 346 5.4 3.9 −1.5 4.0 3.4 −0.6 −0.81 (−1.48 to −0.14) .02

Subgroup analysis by
race and ethnicity

Black 21 189 5.7 4.4 −1.3 4.5 3.8 −0.7 −0.68 (−1.65 to 0.29) .17

Hispanic/Latinx 29 125 5.7 4.1 −1.6 4.2 3.6 −0.6 −1.13 (−2.04 to −0.23) .01

White 11 927 4.9 3.0 −1.9 3.6 2.8 −0.8 −1.24 (−2.64 to 0.16) .08

Othera 12 105 3.6 2.8 −0.8 3.1 2.8 −0.3 −0.39 (−1.43 to 0.64) .46

Subgroup analysis by
weight status

Normal weight 52 084 5.5 4.1 −1.4 4.0 3.3 −0.7 −0.78 (−1.66 to 0.09) .08

Obesity 9876 5.5 3.7 −1.8 4.2 3.7 −0.5 −1.23 (−2.33 to −0.13) .03

Overweight or obesity 22 262 5.1 3.8 −1.3 4.1 3.5 −0.6 −0.80 (−1.58 to −0.02) .04
a Race and ethnicity were self-reported and condensed to a 4-level variable within the Youth Risk Behavior Surveillance System (including Black, Hispanic/Latinx,

White, and all other races).

Table 3. Regression Results for Weekly Servings of 100% Juice and Milk (Nontaxed Beverages) Consumed Pretax
and Posttax Comparing Philadelphia With All Other Cities

Variable
No. of
individuals

Mean servings consumed per week

Difference-in-differences
estimate (95% CI) P value

Philadelphia All other cities

Pretax Posttax
Within-group
difference Pretax Posttax

Within-group
difference

100% Juice

All 74 346 5.6 4.9 −0.7 5.4 4.5 −0.9 0.50 (−0.09 to 1.08) .10

Subgroup analysis by
race and ethnicity

Black 21 189 5.8 5.5 −0.3 6.5 5.5 −1.0 1.20 (0.30 to 2.11) .01

Hispanic/Latinx 29 125 6.1 4.8 −1.3 5.6 4.6 −1.0 −0.18 (−1.35 to 1.00) .77

White 11 927 4.5 3.6 −0.9 4.2 3.2 −1.0 0.10 (−1.05 to 1.25) .87

Othera 12 105 5.4 3.8 −1.6 4.0 3.5 −0.5 −0.91 (−1.94 to 0.12) .08

Subgroup analysis by
weight status

Normal weight 52 084 5.7 4.9 −0.8 5.4 4.4 −1.0 0.34 (−0.46 to 1.14) .41

Obesity 9876 5.2 5.1 −0.1 5.4 4.5 −0.9 0.88 (−0.40 to 2.17) .18

Overweight or
obesity

22 262 5.1 5.0 −0.1 5.4 4.5 −0.9 0.82 (−0.10 to 1.73) .08

Milk

All 74 346 4.7 4.1 −0.6 5.0 4.3 −0.7 0.02 (−0.50 to 0.50) .95

Subgroup analysis by
race and ethnicity

White 11 927 5.1 4.7 −0.4 5.4 4.2 −1.2 0.45 (−0.83 to 1.73) .49

Black 21 189 4.5 3.6 −0.9 4.2 3.9 −0.3 −0.67 (−1.40 to 0.08) .08

Hispanic/Latinx 29 125 5.0 4.4 −0.6 5.5 4.4 −1.1 0.56 (−0.48 to 1.60) .29

Othera 12 105 4.8 4.6 −0.2 5.0 4.5 −0.5 0.07 (−1.22 to 1.36) .92

Subgroup analysis by
weight status

Normal weight 52 084 4.7 4.0 −0.7 5.0 4.3 −0.7 −0.01 (−0.68 to 0.67) .99

Obesity 9876 4.9 4.6 −0.3 5.5 4.5 −1.0 0.39 (−1.03 to 1.81) .59

Overweight or
obesity

22 262 4.7 4.2 −0.5 5.1 4.3 −0.8 0.04 (−0.82 to 0.91) .92

a Race and ethnicity were self-reported and condensed to a 4-level variable within the Youth Risk Behavior Surveillance System (including Black, Hispanic/Latinx,
White, and all other races).
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a statistically significant reduction of 0.81 servings of soda per
week (95% CI, −1.48 to −0.14 servings per week; P = .02) 2 years
after tax implementation. Figure 2 shows the unadjusted mean
weekly servings of soda consumed by school district.

High school students reported consuming similar amounts
of 100% juice and milk in the preintervention period in Phila-
delphia and comparison cities. After tax implementation, ado-
lescents in Philadelphia consumed 0.5 more servings of 100%
juice per week (95% CI, −0.09 to 1.08 servings) compared with
those in cities without a tax, but this difference was not sta-
tistically significant (Table 3). There was no significant differ-
ence in reported weekly servings of milk consumed after tax
initiation.

In a subgroup analysis stratified by race and ethnicity, the
tax was associated with a statistically significant reduction
of 1.13 servings of soda per week (95% CI, −2.04 to −0.23 serv-
ings; P = .01) among Hispanic/Latinx high school students
(Table 2). The tax was associated with 1.2 more servings of
100% juice consumed per week among Black students in Phila-
delphia compared with those in other cities, although juice con-
sumption declined overall in both Philadelphia and non-
taxed cities. When stratified by weight status, the tax was
associated with a reduction of 1.2 servings of soda per week
(95% CI, −2.33 to −0.13 servings; P = .03) among students with
obesity and 0.8 servings per week (95% CI, −1.58 to −0.02 serv-
ings; P = .04) among students with either overweight or obe-
sity, although these findings were not statistically significant
after accounting for multiple comparisons. The sensitivity
analyses yielded nearly identical results (eAppendix 3 in the
Supplement).

Discussion

In this economic evaluation, we observed that a citywide
sweetened beverage tax was associated with a significant re-
duction in soda consumed by high school students in Phila-
delphia compared with 7 other US cities without sweetened
beverage taxes. To our knowledge, this is the first evidence
from a large, representative sample of adolescents that sweet-
ened beverage taxes are associated with the reduction of a
behavioral risk factor for obesity. We observed no statisti-
cally significant substitution toward 100% juice or milk.

To our knowledge, this is the largest study to date assess-
ing the association of a sweetened beverage tax with soda con-
sumption in adolescents. We conducted multiple sensitivity
analyses that demonstrated consistency in our results. Our
findings contribute to the literature and suggest that prior stud-
ies that reported null consumption effects among smaller
samples may have been underpowered, likely because of in-
herent error in self-reported data, necessitating larger sample
sizes, although the population in this study differed from
others.25,31,32 Our findings are consistent with data from store
sales, which show large declines in purchases.20

To our knowledge, our study is unique in its focus on ado-
lescents, who are known to be more price responsive to ex-
cise taxes than adults and may have more difficulty avoiding
such taxes through cross-border shopping.41,43,44 Because obe-
sity in adolescence often portends obesity in adulthood, im-
proving health behaviors in adolescents supports a healthier
lifelong trajectory.14

We observed the largest reductions in soda consump-
tion among Hispanic/Latinx adolescents and those with
overweight or obesity, groups with high baseline soda
consumption.13,45,46 These findings are consistent with a
smaller study evaluating the association of Philadelphia’s
tax with youth sweetened beverage consumption, which
showed a significant reduction in sweetened beverage con-
sumption only among youth who were heavy sweetened
beverage consumers pretax.25

We found that Black adolescents in Philadelphia con-
sumed more 100% juice than adolescents in nontaxed cities
after tax implementation, which suggests some degree of sub-
stitution toward 100% juice that may offset the potential ca-
loric deficit from decreased soda consumption. However, be-
cause the juice consumption trends in the pretax period were
not parallel in Philadelphia and comparison cities (a key as-
sumption of our analytic methods), these findings must be in-
terpreted with caution. More research is needed to under-
stand whether and to what extent adolescents are substituting
100% juice for soda in cities with sweetened beverage taxes.

Race has no biological basis, and there is no physiologic
mechanism to explain the higher rates of sweetened beverage
consumption or differences in sweetened beverage prefer-
ence among Black and Hispanic/Latinx adolescents. Rather,
these consumption patterns are likely the result of racist poli-
cies and practices, such as targeted junk food advertisement
to communities of color.47-49 Because sweetened beverage
consumption and obesity prevalence are highest among Black

Figure 2. Mean Servings of Soda per Week, Comparing Philadelphia
With Nontaxed Cities Across All Years, 2013-2019
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and Hispanic/Latinx adolescents, our findings suggest that
sweetened beverage taxes could improve health disparities,
especially if tax revenue is directed toward programming that
supports communities of color or addresses social determi-
nants of health.

Limitations
Our study has several limitations. First, it relies on self-
reported data, which are limited by measurement error and
recall bias.50 Second, trends in 100% juice and milk consump-
tion were not parallel in the pretax period; thus, we could not
evaluate for substitution of these beverages in response to the
tax beyond exploratory analyses. Third, the survey captured
only soda, milk, and 100% juice intake, so we were unable to
assess the association between the tax and consumption of a
range of other sweetened beverages such as iced teas, sports
drinks, and fruit drinks. Without these data, we likely under-
estimated the tax response in Black adolescents, given previ-

ous studies reporting that Black youth drink more sweetened
fruit drinks than soda.12,13 Our study was also limited by lack
of data about respondents’ socioeconomic status, so we were
unable to explore differential effects by income level, and we
did not control for economic changes in each city, such as
changes in unemployment rates. Fourth, our study design can-
not demonstrate causality owing to the possible presence of
uncontrolled confounding factors.

Conclusions
This economic evaluation provides evidence that the imple-
mentation of a sweetened beverage tax was associated with
reduced weekly servings of soda consumed by high school stu-
dents. These findings suggest that beverage taxes may be an
effective policy approach to improving health behaviors tied
to adolescent obesity.
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