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Abstract

Taxes and subsidies are increasingly being considered as potential policy instruments to
incentivize consumers to improve their food and beverage consumption patterns and related health
outcomes. This study provided a systematic review of recent U.S. studies on the price elasticity of
demand for sugar-sweetened beverages (SSBs), fast food and fruits and vegetables as well as the
direct associations of prices/taxes with body weight outcomes. Based on the recent literature, the
price elasticity of demand for SSBs, fast food, fruits and vegetables was estimated to be —1.21,
-0.52, -0.49 and —-0.48, respectively. The studies that linked soda taxes to weight outcomes
showed minimal impacts on weight; however, they were based on existing state-level sales taxes
that were relatively low. Higher fast-food prices were associated with lower weight outcomes
particularly among adolescents suggesting that raising prices would potentially impact weight
outcomes. Lower fruit and vegetable prices were generally found to be associated with lower body
weight outcomes among both low-income children and adults suggesting that subsidies that would
reduce the cost of fruits and vegetables for lower-socioeconomic populations may be effective in
reducing obesity. Pricing instruments should continue to be considered and evaluated as potential
policy instruments to address public health risks.
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Introduction

Given the obesity epidemic in the U.S. and the escalation of associated diet-related co-
morbidities, taxes and subsidies are increasingly being considered as potential policy
instruments to incentivize consumers to improve their food and beverage consumption
patterns and related health outcomes. In 2009-10, obesity rates among children and adults
were 16.9% and 36.9%, respectively.1:2 The annual health care cost burden associated with
obesity was recently estimated to be as high as $209.7 billion.3

Parallel to the rise in obesity over the past few decades, the real inflation-adjusted price of
fruits and vegetables has risen, while the price of carbonated soda has fallen and that of fast-
food prices have remained fairly flat (Figure 1); although it should be noted that such price
indices, particularly for fresh fruits and vegetables, may not account for changes in quality
or variety.? In particular, between 1980 and 2011 it became 2.2 times more expensive to
purchase fresh fruits and vegetables compared to purchasing carbonated beverages.

Intakes of sugar-sweetened beverages (SSBs) and fast food have been significant
contributors to increased caloric intake and higher body weight.>~” SSBs have been
identified as the leading source of added sugar and calories in the American diet.8-10
Estimates from 1988-94 to 1999-2004, show that among adults average daily caloric intake
of SSBs increased from 157 to 203 kcal, with 63% of adults consuming SSBs daily.11 Over
the same period, SSB intake among children aged 2 to 19 increased from 204 to 224 kcal,
and was particularly prevalent (84%) among adolescents aged 12 to 19 with an average SSB
intake of 301 kcal in 1999-2004.5 However, recent evidence shows that between 1999-2000
and 2007-2008 intake of sugared beverages decreased across all age groups, although sugar
intake from energy drink sources rose for adults.1% Consumption of food-away-from home,
particularly fast food, has increased over time across all age groups. Between 1977-78 and
1994-96, the contribution of fast food to total energy intake increased from 4% to 12% for
adults and from 2% to 10% for children; and was highest among older children aged 12-19
reaching 19%.12 Recent evidence for children aged 2-19 shows that fast-food restaurant
sources contributed 13% of daily energy intake by 2003-06.13 At the same time, studies
show that fruit and vegetable consumption is relatively low with less than one-half of
Americans meeting the USDA guidelines for fruit and vegetable intake and recent trend
analyses show that there has been limited change in such intake over the last two
decades.14-16

In order to incentivize healthy versus unhealthy food consumption patterns with the related
aim of reducing obesity rates, taxes on SSBs and fast food have been suggested along with
subsidies targeted to fruits and vegetables.17:18 Soda, other SSBs, and restaurant
consumption are currently taxed in some states and localities, but at relatively low rates that
were not intended to impact behavior but for revenue-generation purposes.1%:20 Limited
specific subsidies for fruits and vegetables have been introduced through a federal food
security program.21

Standard economic theory provides a framework for using pricing instruments to alter the
relative prices of less- versus more-healthful food and beverage products with the aim of
changing consumer demand at the broad population level.18 A previous comprehensive
review of studies of consumer demand that ranged from 2007 back to 1938 reported that, on
average, a 10% increase in price would reduce consumption of soft drinks, food away from
home, fruits and vegetables by 7.9%, 8.1%, 7.0% and 5.8%, respectively.22 More recent
empirical studies reviewed herein suggest SSB and regular soft drink consumption to be
more price sensitive than previously reported, which is particularly important given the
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current policy debates and legislative activity related to SSB tax proposals in jurisdictions
nationwide.

Whether changes in prices for particular products result in overall weight changes hinges on
both the extent to which consumption responds to own-price and the extent of cross-price
effects that result in substitution across products which, in turn, affects net caloric intake and
ultimately weight and obesity outcomes. Previous reviews showed that the studies that
examined associations between food prices/taxes and weight outcomes found mixed or small
effects suggesting that taxes would need to be significantly higher in order to translate into
any meaningful changes in weight.18:23 In the US, evidence on the effectiveness of higher
taxes in reducing tobacco use and its consequences has led to sharp increases in tobacco
taxes and prices, with taxes accounting for nearly half of cigarette prices in recent years.
These tax and price increases have contributed to significant reductions in tobacco use
among youth and adults, as have mass media anti-smoking campaigns, smoke-free policies,
and other tobacco control interventions. At the same time, the tax increases have generated
considerable new revenues that some states have used to support tobacco use cessation and
prevention efforts that have further reduced tobacco use.?*

This study extends a previous review study?? to provide a systematic review of recent U.S.
studies on the price elasticity of demand for SSBs, fast food, and fruits and vegetables. It
also builds on prior reviews!820 to systematically review the direct associations of prices/
taxes with weight outcomes. The paper provides a detailed description of the way in which
SSBs and restaurant items are currently taxed and fruit and vegetables are subsidized in the
U.S. And, it provides examples of the nature and scope of current fiscal pricing proposals in
the U.S. The paper concludes by outlining fiscal policy instrument designs that are likely to
be the most effective for improving diet and weight outcomes and highlights areas of future
work that are needed to build the evidence base.

We reviewed studies published between January 2007 and March 2012. English-language
studies were identified from computer-assisted searches from the following databases:
Medline, PubMed, Econlit, and PAIS. To assess the relationship of prices with consumption
each of the following six terms “price elasticity,” “demand elasticity,” “tax,” “taxation,”
“price,” and “prices” were separately included in searches with the combined terms of
“soda” or “soft drinks” or “sugar sweetened beverages” or “beverage” or “beverages” or
“fast food” and the following five terms “price elasticity,” “demand elasticity,” “subsidy,”
“price,” and “prices” were each included in searches with the combined terms of “fruits” or
“vegetables”. This yielded a total of 2047 studies (including duplicates) for consideration
across the four databases. To assess prices and weight outcomes, the searches included the
terms “price”, “prices”, “tax”, “taxation”, and “subsidy” each with the following combined
terms of “obesity” or “body mass index” or “BMI” or “body weight” yielding a total of 1102
papers (including duplicates) for consideration across the four databases. In addition,
research reports from the Economic Research Service (ERS) of the US Department of
Agriculture were reviewed.

LU

The criteria for including a study in this review were that the paper: (i) used US data; (ii)
was a peer-reviewed study (exception for ERS studies); (iii) provided original quantitative
evidence on the relationship between prices/taxes/subsidies and consumption or weight
outcomes; (iv) was not an intervention study; (v) was not a pilot study; (vi) assessed demand
for product categories (i.e. regular carbonated soda) rather than brands (i.e. Coke or Pepsi);
and, (vii) for weight outcomes, contained direct estimates and was not a modelling study
that drew on price elasticity estimates to derive simulated impacts on weight. Initial
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screening for relevance was based on titles, information in the abstracts, and used U.S. data.
Next, based on the subset of potentially relevant papers from the initial screening, the final
screening was undertaken to check whether it met our full list of inclusion criteria. The
papers were reviewed independently by two study authors. A total of 21 and 20 studies met
the full set of criteria for inclusion as part of the review of the effect of prices on
consumption and body weight outcomes, respectively.

Consumer Demand Analysis

The aim of the consumer demand review was to provide an examination of the price
elasticity of demand for (i) SSBs, including specific selected subcategories of regular
carbonated soft drinks, sports drinks and fruit drinks; (ii) fast food; and, (iii) fruits and
vegetables. SSBs are generally defined to include any beverage with added sugar such as
regular carbonated soft drinks, fruit drinks (non-100% fruit juice), sports and energy drinks,
ready to drink teas and coffees, and flavoured waters. In this review, we were particularly
interested in identifying the elasticity of demand for SSBs, in general, compared to narrower
sub-categories of SSBs and in distinguishing SSB demand from soft drink demand where
the latter includes both regular and diet versions of soft drinks. For comparative purposes,
elasticity estimates were reported for soft drinks.

Price elasticity is a common metric defined as the percentage change in quantity demanded
(consumption or purchases) of a good resulting from a 1% change in the own-price of the
good. Demand for a good is said to be “price inelastic” when the price elasticity is smaller
than the absolute value of one and “price elastic” when its price elasticity is greater than one
in absolute value. For example, an inelastic price elasticity of demand for soft drinks of -0.8
implies that the consumption of soft drinks will fall by 8% if the price of soft drinks rises by
10%. If a study presented both compensated and uncompensated price elasticity estimates,
the uncompensated measure which accounts for the income effect of the price change was
used. If a study reported multiple results across different populations such as low- and high-
income or if it reported results based on multiple model specifications, we reported those in
the detailed review presented in Table 1 and used mean estimates across models and
subpopulations to derive a mean estimate which then went into the summary measures for
each category reported in Table 2. To derive an overall mean estimate of the elasticity of
demand for SSBs, we used all available SSB estimates from both the studies that focused on
aggregated SSB measures and the estimates available for the three subcategories of SSBs
(regular carbonated soda, sports drinks, and fruit drinks) and we weighted each estimate by
its relative consumption share of SSBs based on caloric intake data from 24-hour dietary
recalls for individuals ages two and older from the 2007-2008 National Health and Nutrition
Examination Survey.2®

Body Weight Analysis

The aim of this review of studies that examined prices and weight outcomes was to assess
the extent to which changes in food or beverage prices have the potential to translate into
significant changes in body weight. These studies can be thought of as reduced form studies
that assess the direct effect on weight implicitly accounting for all changes in food
consumption including substitution across food products. Weight outcomes were measured
by, body weight, body mass index (BMI; weight in kilograms divided by height in meters
squared), and obesity prevalence (BMI = 30 for adults and defined by age-and gender -
specific BMI = 95th percentile for children). We assessed direction, magnitude, and
significance of associations. If available, price elasticity estimates of weight outcomes were
reported.
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Results

SSB Consumer Demand

As shown in Panel A of Table 1, the review identified 14 studies that estimated price effects
for SSB and soft drink demand with 10 studies that provided price elasticity of demand
measures. Four studies provided estimates of soft drink demand that combined regular
(calorically-sweetened) and non-caloric soft drinks using retail scanner data. Three papers
used annual national time series data. Five papers were based on individual-level survey
data, four of which did not provide price elasticity estimates.

Summary measures of mean price elasticities for SSBs overall and by each beverage
category are presented in Table 2. The results suggest that SSBs are more price elastic than
implied by the previously reported estimate of —0.79 for soft drinks which included regular
and diet soft drinks.22 The estimated overall mean price elasticity of demand for SSBs was
-1.21. This estimate was based on all 12 available SSB elasticity estimates including those
for the aggregated SSB measures and those estimates available for each of the three
subcategories of SSBs (regular soft drinks, sports drinks, and fruit drinks) where each
estimate was weighted by its relative consumption share of SSBs. The mean SSB price
elasticity estimate of —1.21 implies that a tax that raises the price of SSBs by 20% would
reduce overall consumption of SSBs by 24%.

As summarized in Table 2, based on the three studies that included an aggregated SSB
category within the beverage demand system, the price elasticity of SSBs was —1.08 (range
of —0.87 to —1.26).26-28 Consistent with economic theory, the estimates from models that
separately assessed subcategories of SSBs generally were found to be more price elastic.
The mean price elasticity of demand for regular carbonated soda of —1.25 (range -0.71 to
-2.26)27:29-31 gggested that a 20% increase in price would reduce consumption by 25%.
Only two studies provided specific estimates for sports drinks with an average elasticity of
-2.44 (range —1.01 to 3.87)3%:31 and three studies assessed fruits drinks with a mean
elasticity of —1.40 (range —0.69 to —1.91).30-32 With respect to model specification, all but
one?? of the SSB elasticity measures reported in Table 1 were based on estimates from
demand system models. The one study on regular carbonated soda that was not based on a
demand system yielded the lowest estimated elasticity. Excluding this study increased the
mean elasticity of demand for regular carbonated soda from —-1.25 to —1.44 and increased
the overall mean SSB elasticity from -1.21 to -1.27.

Four recent studies assessing soft drink demand aggregated both regular and artificially-
sweetened soft drinks and one study included bottled water.32-35 Using such estimates to
assess the potential impact of SSB taxes would not be appropriate given that SSB-specific
taxes would not be applied to non-SSB soft drinks. If consumers faced higher prices for both
SSB and non-SSB soft drinks they are likely to reduce overall soft drink demand to a lesser
extent than demand for regular soft drinks would be reduced in response to a tax on regular
soft drinks only, given that they would be unable to substitute to a lower priced non-caloric
alternative soft drink. Indeed, the estimated price elasticity of demand for soft drinks based
on our2r2eview was inelastic at —0.86 which was similar to the previous soft drink estimate of
-0.79.

Fast Food Consumer Demand

As shown in Panel B of Table 1, six studies provided price parameter estimates for fast-food
consumption. All six studies merged fast-food price data available from the Council for
Community and Economic Research (C2ER) formally known as the American Chamber of
Commerce Researchers Association (ACCRA) to individual-level survey data using
geographic identifiers and the majority (4 of 6) of the studies estimated cross-sectional

Obes Rev. Author manuscript; available in PMC 2014 February 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Powell et al.

Page 6

models. Only two?29:36 of the six studies reported price elasticity estimates with a mean
elasticity of —0.52 which is lower than the food away from home estimate of —0.81 reported
previously.22 The elasticity estimates from one study that examined adults found that higher
fast-food pizza prices (=1.15) but not burger prices (0.20) were associated with significantly
lower consumption (based on caloric intake)2? and another study found fast-food prices
were negatively associated with consumption but the parameter estimates were not
statistically significant.3” Among a sample of children, higher fast-food prices were
associated with significantly lower frequency of weekly fast-food consumption (-0.52).36
Overall, there were mixed results among the studies on children with two finding significant
negative associations3%:38 put one finding an unexpected positive association.3® Two studies
that included adolescent populations found negative but statistically insignificant
effects.38:40

Fruit and Vegetable Consumer Demand

Panel C of Table 1 summarizes the seven studies that provided price estimates for fruits and
vegetables. Two studies did not report price elasticities nor did they find statistically
significant associations between prices and fruit and vegetable consumption.37:38 Table 2
reports that the mean price elasticity for fruit and vegetables was —0.49 and -0.48,
respectively. The one study that examined the probability of frequent consumption rather
than a continuous or count of consumption was not included in the overall summary
estimate.#? The studies with estimates based on demand system models yielded relatively
higher elasticity estimates of —0.52 to —0.81 for fruits and —0.57 to —0.72 for
vegetables.#2:43 The two studies that had outcome measures that combined fruits and
vegetables had the lowest prices elasticity estimates of —0.26, and —0.32.3%44

Weight Outcomes

Table 3 summarizes the 20 studies identified that examined the relationship between weight
outcomes and SSB, fast-food restaurant or fruit and vegetable prices/taxes from 2007 to
2012, parallel to the period of our consumption review. Building on our previous
reviews!8:20, fifteen are new studies published after 2008, ten of which have been published
since 2009. Also, it is worth noting that adding the search term “body weight” in addition to
body mass index, BMI and obesity used in our previous review work yielded two additional
papers in this review that otherwise would not have been retrieved. Another recent review#°
that covered five of the fifteen weight-related studies published from 2009 through 2012
reported coefficient estimates, whereas we report elasticities when available. Other recent
reviews provide international evidence and focus to a large extent on studies that use price
elasticities to simulate effects on weight outcomes.23:46 The weight outcome papers in this
present review all used individual-level survey data that were directly linked to prices or
taxes by geographic identifiers. Thirteen studies drew their price data from C2ER/ACCRA,
one from the Economic Research Service (ERS) Quarterly Food-at-Home Price Database
(QFAHPD), and one from the Bureau of Labor Statistics Consumer Price Index series, and
five studies used state-level soda taxes. Even if included in the models as controls, we did
not report on price effects for items such as general food at home price indices, general
food-away from-home prices or full-service restaurant prices since the focus of this review
was on evidence for SSBs and fast food as possible items for taxation and fruits and
vegetables as candidates for subsidies. Overall, eleven of the studies were cross-sectional
and nine used longitudinal estimation methods to control for unobserved individual-level
heterogeneity. The study findings for the seven papers on adults are described in Panel A
and Panel B presents the 13 papers focused on child and adolescent populations.

Overall, the evidence on the extent to which changes in food or beverage prices may
significantly impact weight outcomes remains mixed. A recent study that examined
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associations between existing soda sales taxes and weight outcomes among adults found
statistically significant but small associations,*” whereas a study of young adults found no
significant association between obesity and the price of regular carbonated soft drinks.*8
The studies that assessed associations between existing soda sales taxes and children’s or
adolescents” weight outcomes found no or limited associations with weight outcomes.4%-52
Just one study found that higher soda sales taxes were significantly associated with lower
weight gain, particularly among those children who were overweight.52 Another study that
examined carbonated beverage prices rather than taxes found that higher prices were
statistically significantly related to lower BMI among children in a longitudinal model.>3
Further, this latter study found that the negative relationship between carbonated beverage
prices and BMI were greater for near-poor compared to poor and non-poor children and
greater for Hispanic and white compared to black children but did not find differential
effects across the BMI distribution.>3

Among adults, the six recent studies identified that examined fast-food prices generally
found statistically insignificant associations with weight outcomes.37+48:54-57 However, one
study found that among adults who were eligible for the Supplemental Nutrition Assistance
Program (SNAP) higher fast-food prices were significantly associated with lower BMI
among SNAP versus non-SNAP recipients.>’ For adolescents, among the five studies that
examined associations of weight outcomes with fast-food prices, there was fairly consistent
evidence (in four out of five studies) that suggested that higher fast-food prices were
significantly associated with lower weight outcomes, particularly among those who were
low- to middle-SES and in the upper tail of the BMI distribution.#1:58-60 Fyrther, the
associations between fast-food prices and weight outcomes were generally found to be
significant in longitudinal estimations models that controlled for individual-level fixed
effects; although, the cross-sectional versus longitudinal estimate was shown to over-
estimate the association by about 25%.50 No significant effect of fast-food prices on younger
children’s (age 2-9) BMI was found overall or among lower-income children in one study38
and in another study of children aged 2-18 the effect among low-income children was
significant in the cross-sectional analysis but not in the longitudinal analysis.61 However,
one longitudinal study of children aged 6-18 found that higher fast-food prices were
statistically significantly associated with lower BMI among low-socioeconomic status
children.62

The potential effect of reducing adult weight through subsidies to fruits and vegetables was
mixed for the adult population overall but significant effects were found for female adults,
including in longitudinal models, with larger effects for poor women and those with
children.>® Further, one study found that reductions in the price of fruits and vegetables
would decrease BMI significantly more for SNAP participants than non-SNAP
participants.>* These findings are particularly pertinent to the policy debate given that
subsidies are likely to be targeted to low-income or SNAP participants. Further, in all of the
studies that examined child populations38:53:61-63 (with the exception of two individual
fixed effects estimates) and in all but two studies38:41 focused on adolescents, lower fruit
and vegetable prices were consistently estimated to be associated with lower weight
outcomes. One study®3 that drew price data from the ERS QFAHPD which was able to
distinguish dark green versus starchy vegetable prices found that higher prices for dark
green vegetables was positively associated with children’s BMI, whereas higher prices for
starchy vegetables had the opposite effect. In general, the evidence suggested that fruit and
vegetable subsidies would have the greatest effects on improving weight outcomes among
children and adolescents from low-SES families38:53:61:62 and among those in the upper tail
of the BMI distribution.53:59
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Current and Proposed Food and Beverage Fiscal Pricing Policies

No jurisdictions in the United States currently apply sizeable taxes (i.e. in the order of 20%
as have been recently proposed) to SSBs or fast-food purchases and subsidies for fresh fruit
and vegetable purchases are often limited in scope or magnitude and are not readily
available nationwide. The following discussion summarizes where the current system of
taxation and subsidies stand and provides examples of recent policy proposals.

A patchwork system of food and beverage taxation exists in the United States. Currently,
there are no federal taxes on foods and/or beverages, and some, but not all, states and
localities apply relatively small taxes at variable rates.19:64 Most food and beverage items
are exempt from state sales taxes or are included in a general definition of food products
that, when taxed, are taxed at a markedly lower rate than sales taxes applied to other goods
and services.?0

For the most part, any foods or beverages purchased in a restaurant, including both fast-food
restaurants and full-service or sit-down establishments, follow the general state sales tax
scheme. The few exceptions are in the District of Columbia, New Hampshire, and Vermont
— each applies a restaurant-specific tax that is higher than the state’s general sales tax (i.e.,
restaurant taxes of 10%, 8%, and 9%, respectively). As of the beginning of 2012, the
average state sales tax on restaurant (including fast food) sales was 5.31 percent across all
states and the District of Columbia and was 5.76 percent in the 47 states with such a tax.5°

As Table 4 illustrates, state sales taxes on beverages vary greatly by beverage category. For
example, as of January 1, 2012, 35 states apply their sales tax to regular and diet carbonated
beverages, while 31 states tax isotonic beverages or sports drinks and 28 tax ready-to-drink
teas which often contain added sugars. Across all states, the average sales taxes on
beverages range from 3.55 percent for regular and diet sodas to 0.99 percent on 100-percent
juices; in taxing states, the average rates range from 5.17 percent for regular and diet
carbonated beverages to 3.59 percent for 100-percent juices.5° As the table illustrates, the
taxes on some beverage categories are higher than food products generally and, thus, they
are considered “disfavored” relative to other food products.19:20:66 Notably, none of the
revenues generated from beverage sales taxes are dedicated to obesity prevention efforts or
programs.

At the same time, in addition to sales taxes, seven states — Alabama, Arkansas, Rhode
Island, Tennessee, Virginia, Washington, and West Virginia — currently impose other types
of taxes or levy fees for the sale of certain beverages.19:20:65:67 These additional taxes
generally apply to bottles, syrups, and/or powders/mixes and are targeted at various levels of
the distribution chain, including wholesalers, bottlers, manufacturers, and distributors;
however, none of the revenue generated from these additional taxes/fees is currently
dedicated to obesity prevention programming. With the exception of the license fees and
taxes imposed on manufacturers, wholesalers, and/or retailers in Alabama (Ala. Code §8
40-12-65, -69, -70 [2010]), most of these additional taxes or levies are based on volume of
beverage (typically in gallons).19:20

In recent years, a number of jurisdictions have proposed placing sizeable and specific excise
taxes on SSBs as recommended in the above-mentioned literature and, most recently, by the
Institute of Medicine.88 The impetus behind such taxes generally is based on the fact that, as
noted earlier, SSBs are the leading source of calories and added sugars in the American diet
and that over-consumption of SSBs is associated with obesity, combined with the budgetary
shortfalls faced by governments nationwide. Table 5 illustrates a few such examples from
2012 alone (although, to date, none have been enacted into law). While each of the examples
included in Table 5 aims to dedicate a portion of the revenue generated from the tax to
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health-related programs, none are specifically calling for funding obesity-specific programs
as recommended by the public health community.’

Subsidies available for food in the U.S. have not generally been designed with the aim to
change consumption patterns but rather to alleviate food insecurity for low-income
individuals and families through programs such as the SNAP; the Women, Infant and
Children (WIC) Nutrition Program; the Child and Adult Care Food Program; and the
National School Lunch and Breakfast Programs. However, there have been some recent
changes that were made, for instance, to the WIC program that added monthly cash value
vouchers specifically for fruits and vegetables in the amount of $10 for fully breast-feeding
women, $8 for non-breast-feeding women, and $6 for children.?! In addition, recent changes
have been made to the national school breakfast and lunch programs to ensure that all foods
and beverages sold/served are aligned with the latest scientific evidence and the 2010
Dietary Guidelines for Americans.%® The new regulations, effective as of the the 2012-2013
school year, will ensure that school meals will offer more fruits and vegetables, more whole
grains, only fat-free or low fat milk, less sodium, and will limit the number of calories to
within a range appropriate for each of three grade groupings.’? At the same time, as part of
the congressionally mandated wellness policy required of all school districts in the United
States participating in the federal school meal programs (P.L. 108-265, Section 204), some
districts have taken specific steps to require a minimum number of fruits and vegetables,
whole grains, and skim/low-fat milk daily as part of the school meal offerings.’?

Although no formal subsidies for fruits and vegetables beyond those in the WIC package
presently exist in the U.S., the potential provision of providing such subsidies more broadly
for low-income populations is increasingly being assessed. The USDA undertook a “Healthy
Purchase” pilot program in California that targeted subsidies within the SNAP program such
that for each dollar of food stamps spent on fresh produce, participants were subsidized a
portion of the cost.”2 Currently, the USDA is undertaking the Healthy Incentives Pilot
project in Hampden County, Massachusetts to test whether point-of-sale subsidies provided
to SNAP participants increases purchases of fruits and vegetables.”3

Discussion

The recent studies reviewed from 2007 to 2012 showed that the empirical evidence on
prices, food and beverage demand, and weight outcomes continues to emerge. Our search
yielded a total of 21 recent consumption-related papers and 20 weight-related studies. Most
of the SSB related consumption papers were based on models of demand systems and
provided elasticity estimates, whereas the methods and outcomes in studies for fast food and
fruits and vegetables were more varied. An increasing number of currently reviewed weight
papers used longitudinal estimation methods (almost one half), whereas the evidence base
previously reviewed was mainly comprised of cross-sectional or modeling studies18:20:23,
Studies that provided both cross-sectional and longitudinal estimates>3-55:60:61 revealed that
the associations mostly but not always remained statistically significant in the longitudinal
models. However, the longitudinal fixed effects estimates showed that the cross-sectional
estimates often over-estimated the associations highlighting the importance of controlling
for individual-level unobserved heterogeneity.

This review is timely given the recent recommendations by the IOM Committee to
Accelerate Progress in Obesity Prevention that suggested consideration be given to fiscal
pricing instruments for beverages.58 The new evidence presented herein suggested that SSBs
are price elastic and that a tax that raises prices by 20% would reduce SSB consumption by
24% (elasticity of —1.21). As expected, narrower categories of SSBs were found to be more
price elastic with elasticity estimates for regular carbonated soda, sports drinks and fruit
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drinks of —1.25, —2.44, and -1.41, respectively. Soft drink demand was estimated to be less
price elastic (-0.86), consistent with previous available estimates.22 However, studies that
aim to assess the potential impact of existing SSB or regular soda/soft drink taxes should not
draw on soft drink elasticity estimates since they typically include diet alternatives which
would not likely be included as part of the tax base for a SSB-specific tax.

Despite evidence on the price responsiveness of SSB and carbonated soda consumption, the
studies that linked existing soda sales taxes to weight outcomes showed the least consistent
impact on weight, although one study®3 that used a carbonated beverage price rather than tax
measure found a significant association with children’s weight. The results based on studies
that used existing tax measures are not surprising given that current taxes imposed, primarily
state-based sales taxes, are relatively low. All 35 states that apply a sales tax to regular,
sugar-sweetened soda also apply the sales tax to diet varieties and fewer states apply their
sales taxes to other SSBs although a number of jurisdictions in recent years have considered
imposing sizeable excise taxes specifically on SSBs which, if enacted, could lead to reduced
SSB consumption and improved weight outcomes, particularly at the broad population level.
In addition to the magnitude of the tax, the design of a given SSB tax is important to ensure
its effectiveness in incentivizing behavior change. In this regard, several key arguments can
be made in favor of an excise versus a sales tax, regardless of whether the tax is at the
federal, state, or local level.20 Excise taxes have the benefit of being incorporated into the
shelf price of the given product (and, hence, are part of the visible price seen by consumers),
whereas a sales tax is only applied at the point of purchase, after the decision to select and
purchase the item has been made. Excise taxes that are applied on a per unit measure are
more effective in raising prices when volume discounts are given, compared to sales taxes
that generally are applied as a percentage of price. Finally, consideration should be given to
the harmonization between tax policies and broader public program design as it is preferable
not to have certain segments of the population exempt from the given tax as is currently the
case where food or beverage purchases under the SNAP are exempt from any state and
local-level tax (7 CFR §272.1).

A smaller body of evidence examined price effects on fast-food consumption and the limited
number of price elasticity estimates available suggested that consumption was price inelastic
with an average estimate of —0.52, suggesting that a tax that raised the price of fast food by
20% would reduce consumption by about 10%. Previous studies similarly found that food
away from home was price inelastic with a mean estimated price elasticity of —0.81.22
Nonetheless, such a tax could have large implications at the population level given the
extent of caloric intake from fast food among the U.S. population, particularly among
youths. Indeed, the review of fast-food prices and weight outcomes revealed that there was
fairly consistent evidence suggesting that higher fast-food prices would reduce body weight
among adolescents.

However, taxing fast-food consumption is more challenging than taxing a specific category
of beverages. Fast-food restaurants often sell a variety of food and beverage items including
both healthy options (e.g., salads and bottled water) as well as other options that tend to be
high in fats, sugars, and calories; however, given the prevalence of fast-food consumption in
the US and its association with increased BMI, fiscal policies including specific excise taxes
and subsidies, should be considered to ensure that a variety food and beverage options are
available and that healthier options that are lower in fats, calories, and added sugars are
readily available, promoted, and competitively priced at such outlets.%8

The evidence for fruits and vegetables showed that consumption was price inelastic with a
mean estimated price elasticity of demand for fruits at —0.49 and vegetables at —0.48,
suggesting that subsidizing fruits and vegetables by 20% would increase consumption by
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10%. The evidence that linked prices to weight outcomes demonstrated fairly consistent
findings that lower fruit and vegetable prices were associated with lower body weight
among low-income populations, including SNAP participants. These results also suggest
that the income effect of the subsidy would not likely result in higher overall net caloric
intake. The weight-related evidence base for fruit and vegetable prices has grown
substantially since our previous reviews8:20 including an increasing number of studies that
used longitudinal data. The consistent findings provide increased evidence on the potential
effectiveness of using fruit and vegetable subsidies targeted to low-income populations.
Also, new evidence that was able to take advantage of the more detailed price data from the
ERS QFAHPD, suggested that subsidies that would lower the price of dark green vegetables
may be expected to reduce children’s weight outcomes, whereas subsidies inclusive of
starchy vegetables may have unintended effects of increasing weight.>3 Further research
linking the more detailed ERS QFAHPD price data versus the more limited but commonly
used C2ER/ACCRA to additional individual-level data sets including those for adult and
adolescent populations and analyses by income levels is needed to provide important
evidence relevant to the effective design of subsidies aimed at improving weight outcomes.

This review documented the recent evidence relevant to current fiscal policies being
considered as potential pricing instruments to incentivize individuals to consume more
healthy diets and improve weight outcomes. Given the consistent evidence that lower prices
for fruits and vegetables were associated with lower weight outcomes among SNAP
participants and low-income populations, it is important to continue to pilot test the delivery
of subsidies such as is currently being done through the Healthy Incentives Pilot program
and to test their associations with consumption and if possible with weight outcomes using
longitudinal study designs. It is also important that future research assesses the extent to
which subsidies for more healthy food products impact on total caloric intake as some recent
research based on an experimental study design suggests such subsidies may increase total
energy intake.’# Experimental studies were not assessed in this review due to the fact that
such designs often require participants to spend their entire budget, have limited choices,
and generally may lack external validity.”®

Particularly relevant to the SSB tax debate, this present study was the first to our knowledge
to review the price sensitivity of SSB demand specifically with comparisons to aggregated
and disaggregated measures and to broader soft drink estimates. In particular, a substantial
body of new evidence emerged on the price elasticity of SSBs — 12 estimates were provided
in seven new studies published since a previous review??2 of studies through to 2007.
However, despite the increasing evidence base, more study estimates are needed to improve
the precision and applicability of the expected effect. Future studies on demand should avoid
grouping sugar sweetened and non-sugar sweetened drinks in the same category. Additional
research is needed to assess price elasticity of demand for SSBs. In particular, sensitivity
analysis within demand systems on single versus multiple categorization of SSBs would
make a strong contribution to the literature and would help us understand the nature of
substitution between and across SSBs and non-SSBs. Additional research also is needed on
linking soda and SSB prices to weight outcomes given the limited variability in current soda
taxes and the fact that they apply equally to diet soda. Most of the price elasticity estimates
were derived from household-level or time series data which did not provide differential
impacts by age groups. Future studies that use individual-level data would provide further
evidence on the extent of differential effects across various populations. Indeed, evidence
for other risky behaviors shows that young people are more responsive than adults to
changes in the prices of tobacco products and alcoholic beverages.”6:77

The growing evidence base assessed herein indicates that changes in the relative prices of
less healthy and healthier foods and beverages can significantly change consumption
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patterns and, may have significant impacts on weight outcomes at the population level,
particularly among populations most at risk for obesity and its consequences. Raising the
prices of less healthy options by taxing them has the added benefit of generating
considerable revenues that can be used to support costly programs and other interventions
aimed at improving diets, increasing activity, and reducing obesity, including subsidies for
healthier foods and beverages.
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Trends in Selected Food and Beverage Prices and Obesity Rates among Children and Adults
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Note: Authors' calculations based on data obtained from the Bureau of Labor Statistics,
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