
Contents lists available at ScienceDirect

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

Short communication

The impact of the Oakland sugar-sweetened beverage tax on bottled soda
and fountain drink prices in fast-food restaurants
Samantha Marinelloa,b,⁎, Andrea A. Pipitob, Julien Leiderb, Oksana Pugachb, Lisa M. Powella,b

a Division of Health Policy and Administration, School of Public Health, University of Illinois at Chicago, 1603 W. Taylor Street, M/C 923, Chicago, IL, 60612-4394, USA
b Institute for Health Research and Policy, University of Illinois at Chicago, 1747 W. Roosevelt Road, M/C 275, Chicago, IL, 60608-1264, USA

A R T I C L E I N F O

Keywords:
Sugar-sweetened beverages
Excise tax
Tax pass-through
Obesity
Fast food

A B S T R A C T

Beverage taxes are increasingly being implemented as an intervention aimed at reducing the consumption of
sugar-sweetened beverages (SSBs) and their associated adverse health outcomes. Whether these taxes achieve
public health objectives depends, in part, on the extent to which beverage prices increase, known as tax pass-
through. Fast-food restaurants are a significant source of SSBs and an environment where the effect of beverage
taxes is less understood. This study evaluates the impact of an SSB tax on prices of beverage products sold in fast-
food restaurants in Oakland, CA, which implemented a 1-cent per ounce excise tax on SSBs containing 25 or
more calories per 12 fluid ounces in 2017. A pre-post intervention difference-in-differences (DID) research de-
sign with Sacramento, CA, serving as a comparison site was used to estimate the effect of the tax on fast-food
restaurant beverage prices. A panel of fast-food restaurants were audited 1-month pre-tax and 6- and 12-months
post-tax. DID regression models with restaurant and product fixed effects were used to estimate tax pass-through
to prices of bottled regular (N = 150 observations from 39 restaurants) and diet (N = 106 observations from 32
restaurants) soda and fountain drinks (N = 501 observations from 73 restaurants). Statistically significant
(p < 0.05) pass-through of 82% was found for bottled regular soda one year after the tax was implemented. This
effect represents an 8% increase in prices from baseline. No statistically significant changes in prices were found
in either time period for taxed and untaxed fountain drinks and untaxed bottled diet soda.

1. Introduction

In the U.S., obesity prevalence among adults has continued to climb,
increasing from 22.9% in 1988–1994 to 38.8% in 2013–2016 (National
Center for Health Statistics, 2017). Obesity increases the risk for
chronic illnesses such as type 2 diabetes, cardiovascular disease, hy-
pertension, and some cancers. Comprehensive prevention strategies
recommended by public health leaders include economic incentives
such as the taxation of sugar-sweetened beverages (SSBs). SSBs are
targeted because they have no nutritional value, are the largest source
of added sugar in the U.S. diet (Johnson et al., 2009), and have low
satiety (von Philipsborn et al., 2016). SSBs are also associated with
weight gain, type 2 diabetes, and cardiovascular disease (Hu, 2013).
Evidence on consumer SSB price sensitivity suggests that taxation can
discourage consumption (Powell et al., 2013). However, its effective-
ness also depends on tax pass-through or the extent to which the tax
raises consumer prices.

Several cities in the U.S. have implemented sweetened beverage

taxes. Evaluations of tax pass-through to beverage prices in food stores
have found heterogeneous effects from partial pass-through (Falbe
et al., 2015) to full pass-through (Cawley et al., 2018b) to over-shifting
of the tax (Leider et al., 2018), including variation by store type
(Roberto et al., 2019). To date, only one study from Boulder, CO, has
investigated the impact of SSB taxes in fast-food restaurants. A pass-
through rate of 49% and 69% to fountain drink prices were found at 1-
and 3-months post-tax, respectively (Cawley et al., 2018a). Fast-food
restaurants are of particular interest because they are a significant
source of SSBs outside of the home. On a given day, an estimated 36.6%
of American adults consume fast food (Fryar et al., 2018) and 33.7% of
fast-food restaurant purchases, on average, include an SSB (Moran,
2019). One study suggests that among adult SSB consumers, 15.5% of
SSB calories consumed, on average, are from fast-food restaurants (An
& Maurer, 2016). Bottled beverages and fountain drinks are highly
lucrative in the restaurant industry, with profit margins that range from
50–60% and 85–90%, respectively (“Downsizing Supersize”, 2005). To
increase beverage sales, some restaurants employ strategies that may
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increase consumption, such as offering free refills (John et al., 2017)
and discounting larger portion sizes (Flood et al., 2006).

This study is the first to estimate tax pass-through to prices of
beverages sold in fast-food restaurants in Oakland, CA. On July 1st,
2017 Oakland implemented a 1-cent-per-ounce excise tax on beverages
with added caloric sweeteners containing ≥25 calories per 12 fluid
ounces, including fountain drink syrup. To assess short- and longer-
term effects, beverage prices were collected 1-month pre-tax and 6- and
12-months post-tax in Oakland as well as Sacramento, CA, which served
as a comparison site.

2. Methods

2.1. Study sample

A sample of fast-food restaurants was selected for each site using
geographically representative random sampling. Sacramento was
chosen based on Mahalanobis distance matching using characteristics
such as population size, racial composition, income, and voting beha-
vior. Each site was divided into 16 areas composed of census tracts or
block groups in ArcGIS 10.4, using manual allocation. A random seed
point was selected within each area. Using Google Maps and Yelp, we
sought to sample two chain and two non-chain restaurants closest to
each area’s seed point. Where one fast-food restaurant type (chain or
non-chain) was absent, the other type was selected. If there were no
additional fast-food restaurants to sample, the closest area seed point
was selected. At baseline, closed restaurants or those where data col-
lectors were asked to leave were replaced. Fast-food restaurants were
defined as those where customers ordered and paid at the counter and
were classified as a chain if they offered franchise opportunities or had
a corporate headquarters.

2.2. Measures

Data were collected in-person using the Beverage Tax Fast-Food
Restaurant Observation Form on a panel of fast-food restaurants 1-
month pre-tax (May/June 2017), 6-months (January 2018), and 12-
months post-tax (June 2018). The tool includes 27 taxed and 29 un-
taxed beverage products. An inter-rater reliability study of the audit
form found a high level of agreement between data collectors. For ca-
tegorical variables, the average kappa statistic was 0.88 (“almost per-
fect” agreement) and the average percent agreement was 0.99; the
average intraclass correlation coefficient for the two continuous vari-
ables was 0.91 (Li et al., 2019). The price measure used for analyses
reflected each product’s posted price, and was computed to equal its
regular price if not on sale and its sale price if on sale (only reduced-
price sales were considered, as other sales generally do not have a
constant price per unit).

2.3. Data collection and analytical sample

The baseline audit was conducted at 65 fast-food restaurants
within each site. At 6-months post-tax, 59 and 60 restaurants were
audited in Oakland and Sacramento, respectively; at 12-months, 59
audits were completed per site. Restaurants were not observed if they
were closed or if data collectors were asked to leave. The analysis was
limited to bottled regular and diet soda and fountain drinks, which
had the largest sample sizes. The audit form included 5 distinct bev-
erage products for bottled regular and diet soda: 12-, 16.9-, and 20-
ounce Coke, and 12- and 20-ounce Pepsi. Fountain drinks consisted of
6 categories: children’s, small, medium, large, XL, and XXL. The
number of ounces for each size category was recorded and used to
calculate price per ounce.

A total of 253, 197, and 612 beverages products were indicated as
available for bottled regular soda, bottled diet soda, and fountain
drinks, respectively, of which 69, 53, and 42 were excluded because the

price or sales data, needed to compute the analytical price measure,
were missing. Of the 164 excluded observations, 112 (68%) were
classified as missing because the prices were not shown and 52 (32%)
were missing for unknown reasons. For fountain drinks, 34 additional
observations were excluded because ounces were missing. If fountain
drink ounce data were missing in one time period, but available in
another for the same restaurant and size, the value was carried over to
the missing value. If ounces were missing in all time periods, attempts
to collect data were made via telephone. Ounce data were collected by
telephone for 230 observations where ounce data were otherwise
missing. The sample was balanced by beverage type such that only
restaurants with price data at baseline and at least one follow-up period
were used in the analysis. Balancing excluded 34, 38, and 35 ob-
servations for bottled regular soda, bottled diet soda, and fountain
drinks, respectively. Across all time points, the analytical sample con-
sisted of 150 observations of bottled regular soda from 39 restaurants,
106 observations of bottled diet soda from 32 restaurants, and 501
observations of fountain drinks from 73 restaurants. Characteristics of
restaurants in the analytical samples are shown in Table 1.

2.4. Statistical analysis

This study used a pre-post intervention difference-in-differences
(DID) research design with a matched comparison site to estimate the
effect of the tax on fast-food restaurant beverage prices. A key as-
sumption of the analysis is that in the absence of the tax, the difference
in prices between Oakland and Sacramento would have remained the
same in the post-tax period (i.e., parallel trends). Although this as-
sumption cannot be tested directly, Nielsen price data for soda sold in
food stores were used to assess whether one-year pre-tax price trends
were similar across sites. Linear regression models with robust standard
errors were used to test the joint significance of month by site inter-
actions. Wald tests revealed no significant differences in price trends of
taxed (p = 0.84) or untaxed (p = 0.87) soda across sites.

The unit of analysis was beverage product prices in cents per ounce.
Separate linear regression models were run for three beverage types:
bottled regular soda, bottled diet soda, and fountain drinks. These
models included time indicators for the 6- and 12-month post-tax per-
iods as well as interactions between time and site, which were used to
estimate tax pass-through. Models also included restaurant and product
fixed effects, which controlled for potential unobserved factors related
to restaurants or products within the sample. Because the range of
ounces per fountain drink category varied widely, 3 fountain drink
product categories were generated: ≤25 oz. (n = 281), 25–34 oz.
(n = 159), and ≥35 oz. (n = 61). Standard errors were bootstrapped
and clustered on restaurant, and bias-corrected confidence intervals
were computed. The data were analyzed in Stata/SE 15.0.

3. Results

Mean price per ounce by beverage type, site, and data collection
period are summarized in Table 1. Table 2 provides DID regression
model estimates for tax pass-through. The model for regular soda re-
vealed a price increase of 0.69 (95% CI: −0.18, 1.60) and 0.82 (95%
CI: 0.14, 1.61) cents per ounce in Oakland relative to Sacramento, at
6- and 12-months post-tax, respectively. These estimates represent a
69% and 82% tax pass-through of the 1-cent-per-ounce tax. However,
only the 12-month post-tax estimate was statistically significant at the
5% level. Similar estimates were found for untaxed diet soda (49% at
6-months; 80% at 12-months), but they were not statistically sig-
nificant. In every case where price data were available for the same
varieties of both regular and diet soda (e.g., 12 oz. Coke and Diet
Coke) within the same restaurant, the prices were equal. The estimates
of pass-through to prices of fountain drinks were smaller compared to
bottled drinks (55% at 6-months; 29% at 12-months) and were not
statistically significant.
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4. Discussion

Across the U.S., taxation of SSBs has gained support as a policy-level
strategy for reducing SSB consumption and curbing health-related risks.
This study contributes to the literature as the first to estimate the im-
pact of the Oakland SSB tax on fast-food beverage prices and is just the
second U.S. study in fast-food restaurants.

At 12-months post-tax, this study found an 82% tax pass-through to
regular bottled soda. Although not statistically significant, the esti-
mated impact was similar in magnitude for diet bottled soda, which
suggests that restaurants may be raising prices of both taxed and un-
taxed bottled soda. Findings from studies based on store data, however,
in jurisdictions where regular soda is taxed and diet soda is untaxed
have found moderate to full pass-through to regular soda prices and no
to moderate pass-through to diet soda prices (Cawley et al., 2018a;
Public Health-Seattle and King County, 2019; Falbe et al., 2015). One
explanation for the differences in findings across these settings is that
restaurants may post a single price for soda to simplify the menu, while
food stores typically label and price differentiate each product on the
shelf. The effective price increase of regular soda was 8%, which is
much lower than the 20% suggested by the World Health Organization
to meaningfully improve health outcomes (World Health Organization,
2016). Using an estimated average price elasticity of demand of −1.2
for SSBs, a price increase of 8% is expected to reduce demand by just
under 10% (Powell et al., 2013).

The relatively small and statistically insignificant estimated impact
on fountain drink prices may be because the tax is being spread across
taxed and untaxed fountain drinks or other menu items, such as com-
bination meals. Additionally, restaurants may absorb part of the tax
because syrup is inexpensive, resulting in high profit margins (85–90%)
for fountain drinks (“Downsizing Supersize”, 2005). These findings are
not consistent with Cawley et al., 2018a, which estimated partial tax
pass-through to fountain drinks sold in fast-food restaurants and over-
shifting to fountain drinks sold in food stores.

5. Strengths and limitations

Strengths of this study include the use of a matched comparison site
and multiple data collection periods to assess short-and longer-term
effects. The study was limited to evaluating bottled soda and fountain
drinks because there were insufficient data to analyze price changes of
other taxed and untaxed beverages. The diet soda sample size may have
limited the ability to detect statistically significant price changes.
Additionally, we could not test whether restaurants increased meal
prices because we only collected prices of beverages.

6. Conclusion

In summary, nearly full tax pass-through to prices of bottled regular
soda was found in fast-food restaurants one year after the Oakland, CA,
SSB tax was implemented. The estimated effects indicate that the tax
impact on prices is gradual and may not be effective at deterring SSB
consumption in fast-food restaurants because restaurants do not appear
to be price differentiating between taxed and untaxed bottled soda or

increasing prices of fountain drinks. Additionally, the magnitude of the
price increase may not be sufficient to improve nutrition and reduce
obesity and other non-communicable diseases. Further research is
needed to evaluate the impact of SSB taxes on beverage and meal prices
in fast-food restaurants and how this effect is modified by restaurant
and neighborhood characteristics.
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