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Objectives. To evaluate the impact of the excise tax on sugar-sweetened beverage
(SSB) consumption in Berkeley, California, which became the first US jurisdiction to
implement such a tax ($0.01/0z) in March 2015.

Methods. We used a repeated cross-sectional design to examine changes in pre- to
posttax beverage consumption in low-income neighborhoods in Berkeley versus in the
comparison cities of Oakland and San Francisco, California. A beverage frequency
questionnaire was interviewer administered to 990 participants before the tax and
1689 after the tax (approximately 8 months after the vote and 4 months after imple-

mentation) to examine relative changes in consumption.
Results. Consumption of SSBs decreased 21% in Berkeley and increased 4% in
comparison cities (P=.046). Water consumption increased more in Berkeley (+63%)

than in comparison cities (+19%; P<.01).

Conclusions. Berkeley's excise tax reduced SSB consumption in low-income neigh-
borhoods. Evaluating SSB taxes in other cities will improve understanding of their public
health benefit and their generalizability. (Am J Public Health. Published online ahead
of print August 23, 2016: e1-e7. doi:10.2105/AJPH.2016.303362)

Reducing sugar-sweetened beverage
(SSB) consumption has become a public
health priority because of strong evidence that
SSBs increase risk of obesity, diabetes, heart
disease, and dental caries.”? Because of the
success of tobacco taxation® and evidence
from economic research,*> public health
experts have called for excise taxes on SSBs to
reduce consumption.®’” Most US states have
sales taxes on SSBs; however, they are
typically too low to have a meaningful impact
on consumption, are applicable to both
SSBs and non-SSBs, and are added at the
register—after a consumer has decided to
purchase an SSB.® Excise taxes, however, are
expected to have greater saliency for con-
sumers because they translate into higher
shelf prices,”'” which consumers see before
deciding what to purchase.

From 2013 to 2014, more than a dozen
states and several cities proposed SSB tax
legislation.'" However, in November of
2014, Berkeley, California, became the first
and only US jurisdiction to pass an SSB

excise tax for public health purposes.'?

Published online ahead of print August 23, 2016 AJPH

Berkeley levied the $0.01-per-ounce tax on
distribution of SSBs, including soda; energy,
sports, and fruit-flavored drinks; sweetened
water, coffee, and tea; and syrups used to
make SSBs (non-SSBssuch as diet soda are not
taxed)."” We had previously found that, on
average, 69% of the tax was passed through to
higher retail prices of soda, and 47% was
passed through to higher retail prices of SSBs

10
overall.

To date, the only other evidence
on SSB excise taxes comes from outside the
United States, in countrywide interventions
without control groups.'*'

We sought to provide the first evaluation
of an SSB excise tax in the United States by
estimating the impacts of Berkeley’s SSB

excise tax on SSB consumption, and used

neighboring San Francisco and Oakland,
California, as comparison cities to account for
secular trends locally. In addition, we ex-
amined other perceived behavioral changes
resulting from the tax, such as shifts in portion
size and cross-border purchasing.

METHODS

We used a repeated cross-sectional design
to examine pre- to posttax beverage con-
sumption in Berkeley versus in Oakland and
San Francisco, selected as comparison cities
because of their proximity and mix of com-
mercial and residential environments. San
Francisco also considered an SSB tax in 2014
but failed to garner the 67% of votes required
to pass.'®

On November 4, 2014, the Berkeley SSB
tax was voted into law. Implementation of tax
collection from distributors began March 1,
2015. We collected pretax data in April
through July 2014, before the elections and
before major news coverage of the cam-
paigns.'” We collected posttax data in April
through August 2015.

Our sampling focused on low-income and
minority populations, who are more likely to
consume SSBs and suffer related health
consequences.'®'” Thus, within Berkeley
and San Francisco, we selected 2 large,
low-income neighborhoods that yielded the
highest combined proportion of African
American and Hispanic residents according to
2010 census tract data.> Using census tract
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characteristics in Berkeley and San Francisco,
we then selected census tracts in Oakland
that would provide the most similar per-
centages of Hispanic and African American
residents. Within each neighborhood, we
administered intercept surveys near the
highest foot-traffic intersection. According
to 2014 census estimates, average proportions
of African American and Latino residents
within the intersections’ census tracts

were 25% and 28%, respectively, in Berkeley;
26% and 37% in Oakland; and 25% and
45% in San Francisco, compared with
citywide percentages of 9% and 11%
(Berkeley), 26% and 26% (Oakland), and
6% and 15% (San Francisco).>' Average
household median incomes for these tracts
versus the entire city were $59 000 versus
$65 000 in Berkeley, $46 000 versus

$53 000 in Oakland, and $52 000 versus
$78 000 in San Francisco.>!

Measures

We assessed beverage consumption via
interviewer-administered intercept surveys
with a beverage frequency questionnaire
modified from the Behavioral Risk Factor
Surveillance System 2011 SSB module.*
Participants were asked, “How often do
you drink . . .?” for each beverage: “regular
soda (not diet), like Coke or Sprite”;
“energy drinks like Red Bull”; “sports
drinks like Gatorade”; “fruit drinks like
lemonade or fruit punch, not 100% juice”;
“sweetened coffee or tea like Arizona iced tea
or bottled Frappuccino”; as well as for
“unsweetened water, bottled or tap.”
Participants reported frequency as times per
day, week, or month. We converted
weekly and monthly intakes to daily intake
by dividing by 7 and 30, respectively.

To calculate total SSB frequency, we
summed frequencies for soda, energy drinks,
sports drinks, fruit drinks, and sweetened
coffee or tea.

Surveys also assessed age, race/ethnicity,
gender, and educational attainment. Posttax
surveys assessed awareness of the tax:
“Thinking back to the election in November,
from what you remember, did [city name]
have a soda tax on the ballot?” Berkeley
posttax surveys assessed cross-border
purchasing—purchasing SSBs outside
Berkeley to avoid tax-related costs—asking
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where residents primarily bought SSBs in
2014 and in the past month, and, if they
switched cities, why. To understand if people
perceived having made behavioral changes in
response to any aspect of the tax, we asked,
“As a result of the soda tax or its campaigns,
did you make any changes to what you
drink?” If they responded “yes,” we asked
about changes in frequency (less often vs

no change or more often) and size of
consumed beverages (smaller vs no change
or larger).

Surveys were approximately 3 to 10
minutes long and administered in English or
Spanish on weekdays from 10:30 AM to
5:30 pMm. A small incentive (a water bottle
or reusable bag worth < $1.00) was provided.

Eligible participants had to live in the
city where the survey was conducted, be
aged 18 years or older, and speak English
or Spanish. Trained interviewers invited
every passerby to participate. Figure 1 shows
participant flow. Among those invited
before the tax, 1239 (17%) individuals
stopped to speak to an interviewer and
were screened, of which 1048 (85%) were
eligible. Among those invited after the tax,
2502 (20%) were interested and screened,
of which 1941 (78%) were eligible. The
proportion declining to participate was
similar before and after the tax, but a smaller
proportion of passersby were eligible after
the tax. At both times, fewer residents
were eligible in Berkeley than in compari-
son cities (Figure 1).

After we excluded 66 participants who
appeared to provide unreliable responses
(e.g., because of difficulty hearing), 16 who
left before completing beverage questions,
27 who were missing SSB consumption,
and 201 who were additionally missing
covariate data, the primary analytic sample for
examining SSB consumption comprised
2679 (90% of those eligible): 328 in Berkeley
and 662 in comparison cities before the
tax, and 545 in Berkeley and 1144 in the
comparison cities after the tax. Because
242 were also missing water consumption
data, the analytic sample for examining
water consumption included 2437 (82% of
those eligible). In sensitivity analyses that
used multiple imputation, the analytic
sample included 2907 observations (97%
of those eligible).

Peer Reviewed  Falbe et al.

Statistical Analysis

Using a difference-in-differences ap-
proach, we estimated pre- to posttax changes
in beverage consumption in Berkeley relative
to that in comparison cities. For each bev-
erage, we modeled frequency of beverage
consumption by using separate generalized
linear regression models with a 7y distribution
and alog link.* The 7y distribution accounted
for the fact that beverage consumption cannot
be negative and has a right-skewed distri-
bution. The log link allowed us to directly
model mean beverage consumption and
obtain results that can be interpreted in terms
of percent change in consumption. These
models included an indicator for Berkeley, an
indicator for posttax time period, and an
interaction term for Berkeley and posttax
time period. The indicator for Berkeley ad-
justed for pretax differences between Ber-
keley and the comparison cities. Because we
used alog-link, the exponentiated coefficient
for posttax period indicated the percent
change in beverage consumption in the
comparison cities (i.e., the ratio of post- to
pretax consumption). The exponentiated
interaction term for Berkeley and posttax
period indicated how much more beverage
consumption changed in Berkeley than in
comparison cities (i.e., the ratio of post- to
pretax consumption in Berkeley relative to
that in comparison cities).

We adjusted all models for gender, race/
ethnicity (African American, Hispanic,
White, and other), age category (< 30, 30-39,
40-49, 50-59, 2 60 years), education (< high
school, high school or GED, some college,
college degree, graduate school), language,
and neighborhood. Because of sizeable per-
centages of zero values for beverage con-
sumption, we used robust standard errors
to ensure valid inferences.

In our primary analysis, we conducted
a complete case analysis, excluding observa-
tions with missing outcome or covariate data.
In sensitivity analyses, we used multiple im-
putation by chained equations to impute
missing SSB consumption (n =27 [1%]),
water consumption (n =267 [9%]), and
covariates (n = 203 [7%]), generating 20 data
sets and a sample size 0of 2907. The imputation
model included gender, race/ethnicity, age,
education, neighborhood, time, interviewer,
and SSB and water consumption.
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Analyzed + 46 posttax (3%)
Complete case — 41 unreliable
— 662 pretax (95%) — 5Sincomplete
— 1144 posttax (86%)
Multiple imputation
— 686 pretax (99%)
— 1289 posttax (97%)

Note. Complete-case analysis of water consumption excluded those additionally missing data on water consumption and included 285 before the tax and 501 after the
tax in Berkeley and 606 before the tax and 1045 after the tax in comparison cities.

FIGURE 1—Participant Flow During Pre- (2014) and Posttax (2015) Periods in Berkeley, CA, and Comparison Cities (Oakland and

San Francisco, CA)

Numbers and percentages are presented
for awareness of the tax and perceived
behavioral changes among those who
responded to these questions. We used
logistic regression models to determine if
awareness of SSB taxes differed signifi-
cantly by city, adjusting for the same
covariates used in models of beverage con-
sumption. We conducted analyses in
Stata/IC version 13.1 (StataCorp LP,
College Station, TX).

RESULTS

Table 1 shows participant characteristics.
Relative to comparison cities, Berkeley par-
ticipants had higher educational attainment
and were slightly older, less likely to be female
and Hispanic, and more likely to be White.
Posttax participants were older than pretax
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participants. In comparison cities, posttax
participants were more likely than pretax
participants to be female, to have a lower
educational attainment, and to have done the
survey in Spanish.

Table 2 compares change in consumption
in Berkeley to change in the comparison
cities. After passage of Berkeley’s SSB tax,
adjusted consumption of SSBs decreased
in Berkeley (—21%) and increased in the
comparison cities (+4%); Figure 2; P=.046).
Specifically, adjusted consumption of regular
soda decreased by 26% in Berkeley and
increased by 10% in the comparison cities
(P=.05), and adjusted consumption of sports
drinks decreased by 36% in Berkeley and
increased by 21% in the comparison com-
munities (P=.02). In addition, asillustrated in
Figure 2, water consumption increased
more in Berkeley (+63%) than in comparison
cities (+19%; P<.01). For other specific

beverages, differences between Berkeley and
comparison cities were not significant.

In a sensitivity analysis, after we imputed
covariates and outcomes, coefficients in-
dicating change in consumption in Berkeley
relative to in the comparison cities remained
the same for SSBs and soda, and the co-
efficient for soda was significant (P=.04).
Results for water and sports drinks were
similar with imputed data, but the coefficient
for sports drinks was not significant (P =.10),

When asked if a soda tax had been on their
city’s ballot, 68% in Berkeley, 56% in San
Francisco, and 28% in Oakland replied yes
(Ps for differences <.05).

Table A (available as a supplement to the
online version of this article at http://www.
ajph.org) presents perceived behavioral
changes in Berkeley related to the tax. Only
18 respondents (5% of those who reported
buying SSBs in Berkeley before the tax)
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TABLE 1—Characteristics of 2679 Participants During Pre- (2014) and Posttax (2015) Periods in Berkeley, CA, and Comparison Cities

(Oakland and San Francisco, CA)

Berkeley Comparison Cities
H 3
Pretax (n=328), Posttax (n=545), Pretax (n = 662), Posttax (n=1144), M
Characteristic Mean =SD or % Mean =SD or % o Mean =SD or % Mean £SD or % o Pretax Posttax
Age, y 43 £16 46 =17 .01 39 =15 44 16 <.001 <.001 .01
Female 46 53 10 54 60 <.01 .04 <.01
Race/ethnicity
African American 33 31 .70 34 33 N a7 .59
Hispanic 24 20 18 36 38 32 <.001 <.001
White 27 32 18 18 16 A7 <.01 <.001
Other 16 17 14 13 14 .56 .28 .03
Survey in Spanish 10 13 a7 17 25 <.0 <.01 <.001
Highest education
< high school 6 10 .07 12 20 <.001 .01 <.001
High school or GED 22 19 29 30 24 <.01 <.01 <.01
Some college 30 26 18 27 30 .28 .29 18
College graduate 25 27 39 21 19 .29 18 <.001
Graduate school 17 18 .68 10 8 13 <.01 <.001

Note. GED = general equivalency diploma. Percentages were calculated by excluding those with missing data from the denominator.
°Between Berkeley, California, and comparison cities.
bFor differences between pre- and posttax periods within cities.

reported switching SSB purchases to of the tax or prices. In addition, of the (82%) reported drinking SSBs less frequently
another city after the tax. Of these, 6 re- 124 (22%) who reported changing and 48 (40%) reported drinking smaller sizes
spondents (2%) reported switching because drinking habits because of the tax, 101 because of the tax.

TABLE 2—Beverage Consumption and Pre- to Posttax Change (%) in Consumption in Berkeley, CA, Versus Comparison Cities (Oakland

and San Francisco, CA) Among 2679 Participants

k A (n=87 ison Cities (n =1
Berkeley, CA (n=873) Comparison Cities (n=1806) Ratio of Post- ko Pretax

Unadjusted Unadjusted Unadjusted Adjusted®  Unadjusted Unadjusted Unadjusted Adjusted® Consumption in Berkeley

Consumption Pretax, Mean Posttax,® Mean Absolute Percent Pretax, Mean Posttax,® Mean Absolute Percent Relative to ComEarison Cities
(Times/Day) +SD +SD Difference Change® +SD +SD Difference Change® (n=2679), B® (95% Cl)
SSBs 1.25 £2.25 0.97 =1.66 -0.28 -21 1.29 =1.76 1.26 =2.09 -0.03 +4 0.76 (0.58, 0.995)
Regularsoda  0.47 =1.40 0.34 +0.86 -0.13 -26 0.44 +0.79 0.47 =1.11 +0.03 +10 0.67 (0.45, 1.00)
Sports drinks ~ 0.18 +0.49 0.12 +0.42 -0.06 -36 0.18 +0.45 0.17 +0.56 -0.01 +21 0.53 (0.31, 0.91)
Energy 0.09 =0.51 0.05 +0.24 -0.04 -29 0.07 +0.28 0.07 +0.32 0.00 -14 0.83 (0.38, 1.82)
drinks
Fruit drinks ~ 0.28 =0.57 0.26 =0.65 -0.03 -13 0.39 +0.79 0.34 +0.81 -0.06 -12 0.99 (0.69, 1.44)
Sweetened 0.23 =0.57 0.21 =0.61 -0.02 -13 0.21 +0.56 0.21 +0.59 0.00 +22 0.71 (0.44, 1.15)
coffee or
tea
Water® 3.50 =3.24  5.84 =10.38 +2.33 +63 3.98 +3.12 4.69 =3.53 +0.70 +19 1.37 (1.14, 1.64)

Note. Cl=confidence interval; SSB = sugar-sweetened beverage.
?Posttax data were collected approximately 12 months after pretax data collection, 8 months after elections, and 4 months after implementation of the tax.

bAdjusted for gender, age, education, race/ethnicity, language, and neighborhood in which the survey was conducted. Generalized linear models were used
with a y distribution, log link, and robust standard errors.

“From adjusted within-city ratio of post- to pretax consumption.
9Sample sizes for water included 2437—786 in Berkeley and 1651 in comparison cities.
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FIGURE 2—Adjusted Mean Consumption of Sugar-Sweetened Beverages (SSBs) and Water

Before and After the Tax in Berkeley, CA, and Comparison Cities (Oakland and San Francisco, CA)

DISCUSSION

This study provides the first evidence on
the impact of an SSB excise tax on beverage
consumption in the United States. In low-
income neighborhoods in Berkeley, SSB
consumption declined by 21% over a 1-year
period from before the tax to after the tax, and
increased by 4% in the comparison neigh-
borhoods over the same period, a statistically
significant difference. Regular soda and sports
drink consumption similarly showed greater
decreases whereas water consumption dem-
onstrated a greater increase in Berkeley versus
comparison cities.

Although Berkeley is the first US juris-
diction to pass an SSB excise tax, other
countries have implemented such taxes.
Mexico’s 1-peso-per-liter SSB excise tax
(equivalent to a 10% price increase) resulted in
a 12% reduction in purchases of taxed SSBs 1
year later."* France saw a 6.7% decline in
demand for regular cola in the first 2 years
after an 11 euro-cent per 1.5-liter SSB excise
tax'> (corresponding to a 6% price increase”").
Although the SSB excise taxes in Mexico and
France appear to have reduced SSB con-
sumption, because they were implemented
nationwide, evaluations did not include
concurrent comparison groups to account for
secular trends. A major strength of our study is
inclusion of comparison cities.
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Excise taxes are hypothesized to reduce
consumption by raising prices. In a longitu-
dinal study of 71 stores, we examined how
retail prices changed in Berkeley versus in the
comparison cities before and after the tax
(i.e., pass-through).'’ We had found that, on
average, 69% of Berkeley’s SSB tax was passed
through to higher soda prices, and 47% was
passed through to prices of SSBs overall.'’
Pass-through varied considerably by retailer
type and beverage. These analyses were not
weighted by sales, and because soda is the
largest contributor of SSB calories in the
United States,'” 47% may be a conservative
estimate. However, a 47% pass-through is
equivalent to about an 8% price increase.”
Powell et al. recently reviewed price elasticity
of demand estimates for SSBs—the percent
change in demand for SSBs resulting from
a 1% increase in price.” They reported an
average price elasticity for SSBs of —1.2
(range =—0.71 to —3.87).

On the basis of these estimates,” and the
early SSB price increases of 8% in Berkeley, "’
Berkeley’s SSB tax would be predicted to
reduce consumption by approximately 10%
(range = 6% to 31%). The 21% reduction in
SSB consumption that we saw in low-income
Berkeley neighborhoods represents a price
elasticity of —2.6, and the relative reduction
we saw of 25% (relative to comparison

Falbe et al.
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neighborhoods) would represent a price
elasticity of =3.1. In Mexico and France, in
which pass-through rates were higher,***®
reductions in purchases of SSBs following an
SSB tax'*"® were approximately consistent
with the average price elasticity of —1.2.°> The
greater reduction in Berkeley could reflect
greater price sensitivity in the San Francisco
Bay Area or, specifically, among lower-
income populations. In Mexico, households
of low-socioeconomic status were most re-
sponsive to the tax, reducing purchases by
17% (compared with 12% overall).'* Few
studies have examined differential re-
sponsiveness to food taxes by socioeconomic
status, and results have been mixed.?”-?®

The magnitude of our results may also
reflect an early reaction to the tax that could
rebound and settle closer to a 10% reduction
in consumption; however, Mexico’s re-
duction in SSB purchases increased over the
year following the tax.'* Alternatively,
stronger than expected results in Berkeley
could be attributable to greater overall health
consciousness. Ongoing evaluation in Ber-
keley and studies in other cities proposing SSB
taxes will be critical to sort out long-term
impact.

The greater-than-predicted reduction in
consumption in Berkeley could also reflect
effects of the campaign surrounding the tax,

29
and

which may have shifted social norms
thus reduced consumption. Whereas dozens
of jurisdictions failed to pass SSB taxes, the
Berkeley protax campaign—"Berkeley vs.
Big Soda”—achieved success, which has been
attributed to early and diverse coalition
building, reflected in the campaign having
prominently featured community represen-
tatives and endorsements from a wide range
of supporters.'” Campaign messages focused
not only on health harms of SSBs, but also
on inappropriate behavior by the SSB in-
dustry.'” Campaign exposure, knowledge
that the tax passed by a high margin (76%)
of votes,"? or awareness of widespread
support for the tax may have altered social
norms, but we did not assess social norms.
Future research on SSB-related policies
should study potential mediating effects of
perceived norms.

In SSB tax debates, it has been argued that
cross-border shopping would undermine the
tax’s effectiveness.’® However, we found that
very few—only 2%—of Berkeley residents
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who reported having bought SSBs primarily
in Berkeley before the tax reported that
they switched to buying SSBs elsewhere as
a result of the tax or prices. Also, a greater
proportion of Berkeley residents reported
having reduced how frequently they con-
sume SSBs, rather than reducing SSB
portion size. Going forward, it will be im-
portant to monitor consumers’ changes in
behavior in response to SSB taxes and the
beverage industry’s responses to consumer
demand (e.g., reformulation, altering can or
bottle size, and promotion), to fully un-
derstand the potential public health impacts
of SSB taxes.

Limitations

Although our results suggest that SSB taxes
can significantly reduce SSB consumption,
Berkeley is a single city of relatively high
socioeconomic status,” and results may not
generalize to other cities. Although intercept
surveys allowed us to focus on low-income
neighborhoods, the use of repeated cross-
sections reduced power and limited analytic
options. Also, it is probable that our
samples were not independent, so our
analysis likely overestimated standard errors
for pre- versus posttax change (and hence
understated statistical significance). Although
our beverage questions asked about fre-
quency, not size, of SSBs, multiple studies
have shown that adding portion-size
questions have little impact on nutrient
correlations between food frequency ques-
tionnaires and gold standards.”’ We did
not assess a comprehensive list of non-SSBs,
including diet soda, so it was not possible
to examine beverage substitution beyond
water.

It is possible that factors unrelated to
the taxes affected consumption; however,
we are unaware of concurrent interven-
tions in Berkeley during this time period,
and the increase in SSB consumption in
comparison cities suggests that external
factors may have encouraged higher con-
sumption in the Bay Area. The region ex-
perienced higher-than-average temperatures
in the relevant months of 2015 compared
with 2014.%% Although we adjusted for
differences in participant characteristics be-
tween cities and time points in our models,
with any nonrandomized design, there is

e6 Research and Practice

the possibility of unmeasured and residual
confounding.

We did not collect measures of self-
reported height, weight, or desire to lose
or maintain weight, which may have been
associated with magnitude of change in SSB
consumption in response to the tax. Also,
self-reported behaviors are vulnerable to
social desirability bias; this was partially
addressed by including comparison cities, but
SSB sales data could provide complemen-
tary objective evidence. Our posttax sample
sizes were larger than pretax sample sizes,
but samples were larger by a similar pro-
portion across all cities, minimizing
potential for differential impact by city.

Lastly, we collected posttax consump-
tion data less than 6 months after imple-
mentation, reflecting short-term impacts
of the tax. Because Berkeley’s SSB tax
ordinance does not specify adjusting the tax
to account for inflation, price effects on
consumption may decrease somewhat over
time. Currently, model SSB tax legislation
includes adjustment based on the Con-
sumer Price Index.”

Public Health Implications

An SSB excise tax is one of the few
public health interventions expected to re-
duce health disparities, save more money than
it costs, and generate substantial revenues
for public health programs.®>** Already,
Berkeley city council has allocated $1.5
million to fund programs to reduce SSB
consumption and address obesity for the
2016-2017 fiscal year.”® In addition, a recent
modeling study found that a national SSB
tax resulting in a reduction in consumption on
par with what we observed would result in
lower child and adult body mass index (de-
fined as weight in kilograms divided by
the square of height in meters) and avert
101 000 disability-adjusted life-years over
a decade.” Although the present study
provides short-term results, it is the first
evaluation of an SSB excise tax implemented
in the United States and provides evidence
that a $0.01 per ounce city-level SSB tax
reduced SSB consumption in vulnerable
neighborhoods in Berkeley. If impacts in
Berkeley persist, and evidence from
other cities passing SSB taxes corroborate our
findings, widespread adoption of SSB
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excise taxes could have considerable fiscal
and public health benefits. 4JPH
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