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Abstract

There is limited research on how taxes and subsidies would influence the energy and nutritional quality of food purchases.
Using an experimental analogue purchasing task, we examined the effects of increasing the price of high-calorie-for-nutrient
foods or reducing the price of low-calorie-for-nutrient foods by 12.5% and 25% on mothers’ purchases of 68 common foods
and drinks.Taxing less healthy foods with low nutrient density reduced energy (caloric) intake, while reducing the proportion
of fat and increasing the proportion of protein purchased. Subsidizing more healthful foods with high nutrient density increased
energy intake, without changing the macronutrient profile of foods purchased. These results favor taxes as a way to reduce

caloric intake.
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Recent rapid increases in obesity are due in part to increases in
energy intake of 7 to 22% in males and females (Hill, Wyatt,
Reed, & Peters, 2003). A basic mechanism underlying increased
energy intake is purchase of increased food energy. The role of
modifying purchasing in preventing or treating obesity has
been relatively neglected, despite the fact that purchasing
behavior may be important given difficulties in long-term self-
regulation of eating and activity (Lowe & Levine, 2005). One
of the most powerful ways to modify purchasing is by chang-
ing food pricing (Faith, Fontaine, Baskin, & Allison, 2007).
Between 1978 and 2004, food prices dropped by 38% relative
to the prices of other goods and services. Moreover, the price
increases of less healthy foods, which typically include highly
processed foods with high quantities of federally subsidized
added sugars and added fats, have been much smaller than those
of healthier alternatives. For example, since 1983, prices of fresh
fruits and vegetables, all fruits and vegetables, fish, and dairy
products increased by 190%, 144%, 100%, and 82%, respec-
tively, whereas prices of fats and oils, sugars and sweets, and car-
bonated beverages increased at much lower rates—70%, 66%,
and 32%, respectively (Finkelstein, Ruhm, & Kosas, 2005).
Classical economic theory suggests that if the price of a
particular food increases, consumption of that food will
decrease, and vice versa. Research in the natural environment

and laboratory has revealed increases in purchases of healthier
foods when the prices of such foods are reduced and reduc-
tions in purchases of less healthy foods as their prices are
increased (Cinciripini, 1984; Epstein, Dearing, Paluch, Roem-
mich, & Cho, 2007; Epstein et al., 2006; French, 2003; French
et al., 2001; French, Jeffery, Story, Hannan, & Snyder, 1997;
French, Story, et al., 1997; Horgen & Brownell, 2002). In
addition, we have shown in laboratory studies that purchases
of healthy foods may increase when prices of less healthy
foods are increased (Epstein et al., 2007).

Because of the influence of food prices on food consump-
tion and ultimately on weight, there remains considerable
interest among policymakers in the extent to which removal
of subsidies, introduction of fat or calorie taxes, or other
pricing strategies can influence current food consumption
practices (Brownell & Frieden, 2009; Finkelstein, French,
Variyam, & Haines, 2004; Jacobson & Brownell, 2000;
Kuchler, Tegene, & Harris, 2005). Yet it remains unknown
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what pricing strategies would be optimal for addressing excess
food consumption and rising rates of obesity. For example, if
the goal is to decrease caloric intake, is it better to subsidize
healthy foods, tax unhealthy foods, or implement both a tax
and a subsidy policy? It may be that a subsidy on healthy foods
increases their consumption but does nothing to decrease con-
sumption of less healthy foods. Even worse, people may take
the money they save on healthier foods and use it to purchase
greater quantities of less healthy foods. Both of these sce-
narios would lead to a net increase in calories consumed and,
ironically, higher rates of obesity.

Fat taxes or similar policies are receiving considerable
attention, and locales are increasingly proposing modest sin
taxes on carbonated beverages, candy, or other foods of mini-
mal nutritional value as a way to fight obesity (Brownell &
Frieden, 2009; Jacobson & Brownell, 2000). Taxing energy-
dense foods with low nutrient density may have the benefit of
reducing purchasing of these foods, while shifting purchases
to healthier foods (positive cross-price elasticity). This could
result in a reduced number of calories purchased each week
and an improvement in macronutrient consumption.

In an effort to better understand the effects of proposed
pricing policies, we conducted a laboratory experiment in
which we systematically tested for differences in mothers’
food purchasing behavior as a result of price changes. Prices
were increased for high-calorie-for-nutrient (HCFN) food
products or reduced for low-calorie-for-nutrient (LCFN) food
products. Calories for nutrients (CFN) provides an index of
how many calories are required to obtain an additional 1% of
the recommended daily values of 13 key nutrients. Low scores
correspond to relatively healthy food items, as fewer calories
are needed to obtain key nutrients; high scores indicate less
healthy items, as more calories are needed to obtain these
nutrients. We calculated the change in the number of calories
purchased and the macronutrient composition of foods pur-
chased per family member as a result of the tested tax and
subsidy policies. These results can be used to predict how
taxes and subsidies would influence food purchasing and
energy intake in real-world applications.

We studied two individual differences variables that may
moderate purchases: family income and maternal obesity.
Some people have raised concerns that taxes on less healthy
food choices are regressive because lower-income consumers
may consume a greater percentage of the foods most likely to
be taxed (Finkelstein et al., 2004). As a result, their food bill
may increase disproportionately. Moreover, depending on the
size of the tax, their lower incomes may make them less likely
to switch from cheaper HCFN foods to more expensive LCFN
foods (lower cross-price elasticity), and therefore they may
both pay a higher cost and receive a smaller health benefit than
higher-income consumers. In addition, in previous research,
we have seen that obese mothers are less likely than others to
substitute purchasing of healthier alternatives when the prices
of less healthy alternatives are increased (Epstein et al., 2007).
If a tax or subsidy policy has a greater effect on normal-weight

mothers than on obese mothers, then the effect of the policy on
reducing caloric intake and rates of obesity may be diminished,
particularly given that obese mothers are more likely than
normal-weight mothers to have other obese family members in the
household (Agras, Hammer, McNicholas, & Kraemer, 2004).

Method
Participants

Participants were recruited from an existing family database,
by way of flyers posted around the University at Buffalo
campuses, and through Internet ads on craigslist and on the
Division of Behavioral Medicine’s Web site. Interested par-
ticipants were screened by telephone to ensure that they (a) had
at least one child between 6 and 18 years of age residing in the
household and (b) were responsible for the primary grocery
shopping for the family.

Forty-two mothers were recruited to participate in the study;
20 were of lower income (annual household income less than
$50,000/year) and 22 were of higher income (equal to or greater
than $50,000/year). Forty-five percent of the mothers were
obese, with a body mass index (BMI) of 30 or more. Each par-
ticipant was scheduled for a single visit to the laboratory lasting
approximately 2 hr and was asked to refrain from consuming
food or beverages, other than water, for at least 2 hr prior to the
appointment. This requirement was necessary because research
suggests that recent eating may influence food purchasing
(Beneke & Davis, 1985). Participants received a $15 gift cer-
tificate to Wegmans Food Markets for completing the study.
The study was approved by the University at Buffalo Social
and Behavioral Sciences Institutional Review Board.

Procedure

Upon arrival at the laboratory, participants read and signed
consent forms and completed demographic and hunger ques-
tionnaires. They also completed a multipass same-day food
recall task (Nutrition Coordinating Center, 2003) to verify that
they had not consumed food or drink (except water) for 2 hr
prior to the appointment. Participants then engaged in the food
purchasing tasks. Height and weight measurements were taken
at the end of the experimental session (to calculate BMI), and
participants were debriefed on the nature of the experiment.
For the food purchasing tasks, the experimental room was
set up to simulate the experience of being in an actual grocery
store; cards with pictures of 30 more healthy and 30 less healthy
food items and 4 more healthy and 4 less healthy beverage
items were arranged in sections according to food category
(e.g., bread, produce, meat). As already noted, we used the
CFN index to define the more and less healthy food and bever-
age items. This index indicates how many calories are required
to obtain an additional 1% of the recommended daily values of
13 key nutrients (Drewnowski, 2005). Low scores indicate
healthier food items (i.e., fewer calories are consumed in order
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to obtain key nutrients); high scores indicate less healthy items
(i.e., more calories are consumed in order to obtain these nutri-
ents). CFN values assess the nutritional adequacy of foods
while incorporating information on energy density, so that they
provide a guide to maximizing nutrients relative to the energy
density of foods. The foods and beverages in the purchasing
tasks were divided into LCFN and HCFN categories. The
LCFN foods and beverages had CFN values less than 30 (range
from 1 to 29), and the HCFN foods and beverages had CFN
values greater than 30 (range from 30 to more than 300). On the
reverse side of each picture card was the nutritional informa-
tion for that food. Beside each picture card was a price card
showing the price of that item in that purchasing task.

Each participant completed five purchasing tasks during the
experimental session. Prior to each task, the participant was given
a study income of $22.50 per family member to purchase the
foods. This dollar amount was based on our previous research on
mothers’ food purchasing, which showed that this was the mini-
mum amount of money that would be needed per week to provide
a balanced diet (Epstein et al., 2007). The participant was told to
imagine that she had no food in her house and that the money she
was given was to be used to purchase groceries for her family for
the week. Because only one brand was available for each food
item, the participant was instructed to substitute the available
brand for her favorite brand. During each task, the participant
made purchases by giving the experimenter a picture card for
each desired package of a food (there were multiple picture cards
for each food, so that a participant could purchase more than one
of an item). The experimenter recorded the amount of each item
purchased and let the participant know how much money she had
left to spend. If the participant had spent too much money, she
was asked to put some of the food items back until the total did
not exceed the amount allotted for that task. Subjects were
instructed to spend all of the money that was allocated.

Prior to each purchasing task, the experimenter set the price
for each individual item. In one of the five tasks, the prices
were based on the current prices at local grocery stores. With
these prices, the average price of the HCFN foods was $2.26,
and the average price of the LCFN foods was $2.03. These
prices are equivalent to an average cost of $0.19 per 100 calo-
ries for the HCFN foods and $0.73 per 100 calories for the
LCFN foods. In two tasks, prices of the LCFN foods were ran-
domly lowered, by 25% in one task and 12.5% in the other; the
HCFN food prices remained fixed at their reference values. In
the remaining two tasks, the HCFN food prices were raised in
a similar manner, and the LCFN food prices were unchanged.
The order of the conditions (tax, subsidy, reference) was coun-
terbalanced, and the price manipulations (12.5% vs. 25%)
within the tax conditions and within the subsidy conditions
were randomized to ensure that ordering effects did not bias the
results. In each purchasing task, price cards were color coded to
indicate the percentage reduction or increase, if any, from the
reference price. For purposes of this study, in the tax condi-
tions, the prices of HCFN foods were increased and the prices
of LCFN foods remained constant, whereas in the subsidy

conditions, the prices of LCFN foods were reduced and the
prices of HCFN foods remained constant.

The reference price, energy density, CFN value, package
size, and cost per 100 calories for each of the 60 foods and 8
beverages is shown in Table 1. Correlations between CFN and
energy density for foods (» = .22, p > .05) and beverages (» =
—44, p > .05) were low. Thus, CFN provides additional infor-
mation beyond the energy density of foods.

Analytic plan

Purchases of LCFN and HCFN foods were analyzed using
separate mixed-effects regression models (MRM; Hedeker &
Gibbons, 2006). MRM models allow for the evaluation of
repeated measures (Hedeker & Gibbons, 2006), which was
necessary because each participant provided data for five pur-
chasing tasks. For example, the regression specification for
total calories purchased when prices of LCFN foods were
reduced was as follows:

Ln(total calories purchased/family size) =
o+ B,(Ln average LCFN price) +
B,(age) + B,(minority status) + B,(family income) +
B(hunger) + B,(BMI).

The dependent variable is the logarithm of the total number
of calories purchased after adjusting for family size (because
mothers of larger families had more money to spend), and f, is
the coefficient for the log price of LCFN foods purchased. In
this specification, B, represents a price elasticity of the demand
for calories: the relationship between the percentage change in
the average price of LCFN foods (i.e., the size of the price
increase) and the percentage change in calories purchased. If
B, is negative, then a subsidy on LCFN foods increases total
calories purchased. Including additional covariates allowed us
to quantify the price effects while controlling for other vari-
ables expected to influence food purchases and for repeated
observations within individuals across the purchasing tasks.
Covariates included age, a dummy variable for minority sta-
tus, BMI, family income, and hunger. The covariates were also
tested to examine whether they moderated the influence of
price on purchases; we used log likelihood tests to assess
whether including the interaction of each covariate with the
price changes as a block improved the fit of the model. Main
effects of covariates indicate that they influenced purchases,
whereas moderator effects indicate that covariates interacted
with price changes to influence purchases.

Analogous regressions were run for the following dependent
variables, separately for the tax and subsidy conditions: logs
of the total quantity (i.e., number) of LCFN and HCFN foods
purchased (adjusted for family size); logs of the total amount
of calories, fat, carbohydrate, and protein calories purchased;
and logs of the fat, carbohydrate, and protein calories pur-
chased as a proportion of the total calories purchased. Data
were analyzed using SYSTAT Version 11.0 (2004).
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Table I. Foods Used in the Study: Package Size, Reference Price, Calorie-for-Nutrient Value, Energy Density, and Cost per 100 Calories

High-calorie-for-nutrient foods Low-calorie-for-nutrient foods
Cost/ Cost/
Package 100 kcal Package 100 kcal
Food size  Price ($) CFN ED (%) Food size  Price ($) CFN ED %)
Hot dogs 4900g 329 5582 257 0.26  Eggs 12 1.19 17.16 |.55 0.12
Bologna 4480g 259 42.19 3.2l 0.18  Chicken 4480g 349 11.58 0.98 0.79
Pepperoni 169.7g  1.99 30.86 4.95 0.24  Tuna 1420g 1.59 7.06 0.70 1.59
Granola 4883g  3.69 38.82 436 0.17  Turkey lunch 1410g 1.99 12.96 0.89 1.59
meat (fat free)
Raisins (6 packs) 2550g .79 6248 321 0.33  Ground beef 453.6g 3.99 10.15 1.37 0.64
(5% fat)
Potato chips 340.1g 249 4780 529 0.14  Nonfat yogurt 8500g 2.00 13.07 0.47 0.50
Frozen french fries 907.0g 2.19 40.82 259 0.15 Nonfat cottage  4540g 2.39 11.77 0.70 0.75
cheese
Cheddar-cheese 255.1g 299 5430 5.64 0.21  Nonfat American 3400g 3.39 8.26 1.41 0.71
popcorn cheese
Nacho Cheese 3686g 2.50 3844 529 0.13  Mozzarella 3408g 3.59 16.83 2.82 0.37
Doritos cheese sticks
Cheetos 255.1g 2.00 4833 596 0.13  Grapes 3200g  1.69 2231 0.69 0.77
Popcorn 559.0g 2.50 7990 08l 0.56  Bananas 3780g 049 20.76 0.87 0.15
Goldfish crackers 187.0g 1.50 3699 449 0.18 Oranges 560.0g 3.00 5.30 0.46 1.17
Graham crackers 4080g 2.50 60.72 4.14 0.15 Lettuce 283.0g 1.50 1.33 0.19 2.86
Animal crackers 369.0¢g 1.99 46.19 455 0.12  Potatoes 22700g 1.99 20.92 0.48 0.18
Oreo cookies 5100g 229 5261  5.02 0.09 Tomatoes 321.8g 2.00 4.12 0.18 343
Cheez-It crackers 453.1g 2.50 49.35 497 0.1l Peppers 2980g 0.99 1.54 0.20 1.65
Granola bars 2400g 225 57.04 4.08 0.23  Broccoli 6080g 1.69 2.13 0.34 0.82
Ritz crackers 3400g 2.00 4935 494 0.12  Pasta 4540g 0.50 20.01 3.70 0.03
Pop-Tarts 416.0g 1.66 50.63  3.85 0.10 Kashi GOLEAN 400.0g 2.79 17.91 2.80 0.25
cereal
Chocolate-chip cookies 432.0g  2.50 94.14 48l 0.12  Cheerios 2520g 259 17.58 3.57 0.29

Ritz Bits peanut-butter ~ 268.5g  2.00 4935 4.64 0.16  Wheat bread 6520g 1.79 22.82 2.58 0.11
sandwich crackers

Chocolate bar 263.0g 1.99 5120 4.79 0.16  Kix cereal 3400g 349 17.58 3.56 0.29
Starburst Fruit Chews 204.1 g  1.69 70.80 392 0.21  Plain bagels 3400g 0.99 17.58 247 0.12
candy
M&M'’s candy 3572g 249 83.90 470 0.15  Chicken noodle 305.0g 1.39 12.31 0.49 0.93
soup
Chocolate ice cream I.7L  3.99 40.69 2.0l 024 Tomato soup 3050g 1.09 18.14 0.74 0.48
Popsicles (12) 06L 279 18960 0.79 0.52  Carrots 4540g 0.99 1.41 0.99 0.22
Cream cheese 2270¢g 1.79 5345 352 0.22  Spaghetti sauce  737.0g 1.69 23.54 0.57 0.40
Salad dressing (Italian) 05L 219 86951 3.08 0.23  Mustard 2260g 1.09 14.78 0 0.00
Mayonnaise 04L 219 19777 7.7 0.08 Ketchup 567.0g 1.79 12.39 0.87 0.36
Butter 2270g 199 15342 7.05 0.12  Grapefruit 2300g 0.99 6.08 0.42 1.02
Pepsi 20L 129 44355 037 0.16  Skim milk 38L 329 8.15 0.34 0.23
Sprite 20L 099 34036 040 0.12  Orange juice 9L 2.9 6.80 0.42 0.31
Dr Pepper 20L  1.29 44355 037 0.16 V8 vegetable 4L 229 3.02 0.19 0.76
juice
Iced tea 39L  3.00 90649 0.0l 0.21  Flavored water 2L 270 5.97 0.21 1.08

Note: Calories for nutrients (CFN) is an index of how many calories are needed to obtain an additional 1% of the recommended daily value of 13 key nutri-
ents. Energy density (ED) is equal to the number of calories per gram.

Results Table 2. Characteristics of Participating Mothers

Table 2 summarizes the participants’ characteristics. The analy-  Number of family members: M = 3.8,SD = I.1

sis of total calories purchased (see Fig. 1a and Table 3) revealed  Age (years): M = 43.5,SD = 6.7

that as prices for healthier foods were reduced, there was a  Hunger rating (15 Likert scale): M = 3.1,5D = |1
significant increase in energy purchased (elasticity estimate = Body mass index (k.g/ m’):M =313, ED =77
—0.98, p <.0001), and when prices of less healthy foods were Sit:]f::t(bst:{u?a;; ;3[3;?702/432())): 45.2% (19/42)
1ncrea}s§d, the're was a significant decrease in energy purchased Househ);)l d income < $50,000: 47.6% (20/42)
(elasticity estimate = —0.65, p < .0001). The analyses of total
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Fig. |. Total calories purchased (a), changes in macronutrient (fat, carbohydrate,and protein) calories purchased (b),and proportion of calories purchased
as specific macronutrients (c) as a function of price changes. Subsidies for healthy foods are indicated by negative price changes, and taxes on less healthy
foods are indicated by positive price changes. Changes in purchases (b) were calculated relative to the reference condition (i.e., 0% price change). Error
bars indicate standard errors of the mean.

calories purchased as fat, carbohydrates, and protein (Fig. 1b  protein (estimates of —0.95, —1.00, and —0.97, respectively;
ps <.0001); the increases were larger for carbohydrates than
associated with significant increases in fat, carbohydrates, and  for fat (Fig. 1b and Table 4). Contrarily, taxing of less healthy
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Table 3. Results of Mixed Regression Analyses Predicting Total Calories
Purchased in the Tax and Subsidy Conditions

Taxes Subsidies
Parameter Parameter

Variable estimate SE p estimate SE p

Intercept 9.907 0.219 <.00l 10.219 0.182 <.00l
Price changes -0.647 0.106 <.00I -0.982 0.073 <.00l
Age -0.001 0.003 766 0.000 0.003 .848
Minority status —0.017 0.043 .703 —0.052 0.042 217
Income 0.010 0.012 371 -0.001 0.011 .944
Body mass index  —0.002 0.002 269 —-0.002 0.002 427
Hunger 0.001 0.017 949 -0.002 0.016 .897

foods was associated with a reduction in fat (elasticity
estimate = —1.28, p < .0001) and carbohydrates (elasticity
estimate = —0.62, p < .0001); the reductions were larger for
fat than for carbohydrates.

The analysis of macronutrients as a proportion of total calo-
ries purchased (Table 5 and Fig. 1c) showed no significant
change in the proportion of calories from carbohydrates, fat, or
protein (elasticity estimates =—0.006, 0.006, and —0.001, n.s.)
when healthier foods were subsidized. Regression analyses of

the quantity of food items purchased (see Table 6) showed that
when prices of healthier foods were reduced, participants sig-
nificantly increased purchases of both HCFN (elasticity esti-
mate = —0.68, p = .0002) and LCFN (elasticity estimate =
—1.03, p <.0001) foods, so there was no shift in the quality of
the diet. However, taxing foods resulted in a significant reduc-
tion in the proportion of calories from fat (elasticity estimate =
—0.116, p =.005) and an increase in the proportion of calories
as protein (elasticity estimate = 0.098, p < .0001). These

Table 4. Results of Mixed Regression Analyses Predicting the Number of
Macronutrient Calories Purchased in the Tax and Subsidy Conditions

Taxes Subsidies
Parameter Parameter
Model and variable estimate SE p estimate SE p
Model for fat
Intercept 8.561 0.600 <.001 8075 0498 <.00l
Price changes -1.279 0.268 <.001 -0.953 0.225 <.00l
Age 0.005 0.007 .505 0.010  0.007 .148
Minority status 0.044 0.125 725 0.079  0.111 A79
Income 0.057 0.034 .092 0.013 0.030 .666
Body mass index 0.006 0.006 .369 0.006  0.006 310
Hunger 0.054 0.047 253 0.051 0.042 224
Model for protein
Intercept 7.440 0.228 <.001 8456 0233 <.00l
Price changes —-0.030 0.106 773 -0.974 0.102 <.00l
Age 0.000 0.003 .864 -0.000  0.003 .945
Minority status —0.098 0.047 .036 -0.140  0.052 .007
Income -0.018 0.013 144 -0.019 0.014 174
Body mass index -0.001 0.002 732 -0.000  0.003 .899
Hunger 0.005 0.018 769 0.026  0.020 .193
Model for carbohydrates
Intercept 9.738 0.282 <.001 10.064  0.218 <.00l
Price changes -0.622 0.136 <.001 -1.002 0.4 <.00l
Age -0.005 0.003 127 -0.005  0.003 .073
Minority status -0.014 0.056 .806 -0.087  0.046 .062
Income -0.002 0.015 .874 0.004 0.013 771
Body mass index -0.007 0.003 0I5 —-0.005  0.002 .035
Hunger -0.034 0.021 113 -0.042 0.0I8 0l8
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Table 5. Results of Mixed Regression Analyses Predicting Macronutrient Calories
Purchased as a Proportion of Total Calories Purchased in the Tax and Subsidy

Conditions
Taxes Subsidies
Parameter Parameter

Model and variable estimate SE p estimate SE p

Model for fat
Intercept 0214  0.095 .025 0.073 0.080  .360
Price changes -0.116  0.042 .005 0.006 0.040 .890
Age 0.001  0.001 .308 0.002 0.001 .055
Minority status 0.012  0.020 .539 0.027 0017 .115
Income 0.010  0.005 .062 0.003 0.005  .546
Body mass index 0.002  0.001 .105 0.001 0.001 127
Hunger 0.012  0.008 1 0.012 0007 .073

Model for protein
Intercept 0.046  0.051 .359 0.161 0.044 <.00I
Price changes 0.098 0.022 <.00l -0.001 0.019  .963
Age 0.000  0.001 .649  -0.000 0.001 .989
Minority status -0.012 0.011 247 -0.012 0010 219
Income -0.005  0.003 .095 -0.003 0.003 .283
Body mass index 0.000  0.001 .639 0.000 0.001 719
Hunger 0.000  0.004 .909 0.004 0.004  .330

Model for carbohydrates
Intercept 0.575 0.070 <.00l 0.594 0.055 <.00l
Price changes 0.0l16 0.033 .637  —-0.006 0.030 .834
Age -0.001  0.001 .094  -0.002 0.001 .007
Minority status 0.001 0014 925 -0.0I11 0012 325
Income -0.004  0.004 274 0.001 0.003  .652
Body mass index -0.002  0.001 .033 —0.001 0.001 .043
Hunger -0.012  0.005 .026 -0.014 0.004 .002

improvements in the quality of the diet when HCFN foods
were taxed were associated with significant reductions in pur-
chases of HCFN foods (elasticity estimate =—1.44, p <.0001)
and significant increases in purchases of LCFN foods (elastic-
ity estimate = 0.22, p = .021; Table 6).

Several covariates were significant predictors of purchas-
ing. For example, minority status predicted purchasing of pro-
tein in both the tax and subsidy conditions, BMI predicted
purchases of carbohydrates in both the tax and subsidy condi-
tions, and hunger predicted purchases of carbohydrates in the
subsidy conditions (see Table 4). Moderators did not improve
the fit in any of the models.

Discussion

The results provide stronger support for taxes than for subsi-
dies as a means of reducing consumption of less healthy foods
and increasing consumption of healthier alternatives. The food
purchased provided the greatest energy in the condition with
the larger subsidy, as mothers not only increased their pur-
chases of healthy LCFN foods, but also increased their pur-
chases of HCFN foods, spending the money they saved on
healthier foods on additional purchases of less healthy alterna-
tives. A subsidy that reduced the price of LCFN foods by 10%

increased purchases of LCFN foods by 10.3% and purchases
of HCFN foods by 6.8%; increases in purchases of fat, protein,
and carbohydrates were 9.5%, 9.7%, and 10%, respectively.
These results suggest that a subsidy on healthy foods is
unlikely to positively influence rates of obesity.

Although some of the covariates had main effects on pur-
chases (e.g., BMI influenced purchases of carbohydrates when
prices were increased or decreased), none of the variables stud-
ied interacted with price to influence purchases. These data
suggest that taxes or subsidies exert effects on purchases across
the individual difference variables studied, which may make it
easier to generalize the effects to different populations of sub-
jects. In previous research, we found that individual difference
variables such as maternal BMI interacted with price to influ-
ence purchases (Epstein et al., 2007), but in those studies the
focus was on the number of items purchased, and we did not
examine energy or macronutrients purchased. Using energy
and macronutrients purchased as dependent variables is new in
the experimental analysis of taxes and subsidies, and because
energy and macronutrients can be related to public-health out-
comes, it may be more useful to study them as dependent vari-
ables than to study the number of items purchased.

Taxing foods had the dual benefit of reducing purchases of
HCFN foods while increasing purchases of LCFN foods with
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Table 6. Results of Mixed Regression Analyses Predicting the Quantity of High-Calorie-for-
Nutrient (HCFN) and Low-Calorie-for-Nutrient (LCFN) Food Items Purchased in the Tax and

Subsidy Conditions
HCFN model LCFN model
Parameter Parameter
Model and variable estimate SE p estimate SE p
Model for taxing less healthy foods
Intercept 2.561 0.530 <.00l 2362 0210 <.00l
Price of HCFN foods -1.435 0.225 <.00l 0.215  0.093 .021
Age 0.001 0.007 .868 -0.003  0.003 221
Minority status 0.178 0.112 113 -0.074  0.044 .089
Income 0.049 0.030 110 -0.031 0.012 .009
Body mass index 0.004 0.006 A54 -0.003  0.002 232
Hunger -0.013 0.043 762 -0.008 0.017 651
Model for subsidizing healthier foods
Intercept 1.467 0.452 .001 3.899 0248 <.00l
Price of LCFN foods -0.679 0.179 <.00I -1.029 0.129 <.00l
Age 0.005 0.006 .397 -0.007  0.003 .021
Minority status 0.191 0.104 .065 -0.189  0.053 .0004
Income 0.023 0.028 404 -0.024 0.014 .090
Body mass index 0.006 0.005 243 -0.003  0.003 259
Hunger -0.009 0.040 8l 0.005  0.020 797

lower energy density. From a public-policy standpoint, this strat-
egy had the additional benefit of generating significant tax reve-
nue. If policymakers aim to reduce consumption of HCFN foods
to control rising rates of obesity, then taxing these foods may be
more effective than subsidizing LCFN foods. In our experiment, a
tax that increased the price of HCFN foods by 10% reduced total
calories purchased by 6.5%, as a result of a reduction in fat and
carbohydrate calories of 12.8% and 6.2%, respectively.

The elasticity coefficients depended on the foods studied in
the analogue purchasing task and may not generalize beyond
the laboratory setting, but the sign and relative magnitude of
the results are consistent with economic theory. For example,
when the price of HCFN foods was increased 10%, we observed
a reduction in purchases of HCFN foods of 14.4%, which is
close to the reduction (14.6%) in purchases of Coca-Cola
when its price increased 12% (Brownell & Frieden, 2009). For
this experiment, the prices of LCFN foods and HCFN foods
were manipulated as groups. This had the advantage of pre-
venting substitution of one HCFN food for another, which
would happen if the prices of some brands of HCFN foods
were increased and others were not. The experiment was set
up so that the HCFN and LCFN foods were clearly distinct;
we did not make more and less healthy versions of the same
product (e.g., baked vs. fried potato chips) available to partici-
pants. We have used the strategy of providing different types
of healthy and less healthy foods in previous experiments and
obtained results similar to those reported here (Goldfield &
Epstein, 2002). We expect that a study using a broader range

of food products, if they could be clearly defined and taxed
based on their CFN status, would yield similar conclusions.

There are many advantages to experimental economics
research, which provides the opportunity to manipulate prices
(or other variables) in ways that would be difficult and costly
outside the laboratory (Carson & Gangadharan, 2003; Kagel
& Roth, 1995; Schram, 2005). We believe these results,
although not meant to be authoritative, will help inform dis-
cussions on the likely effect of changes in food prices on food
consumption patterns and subsequent obesity rates. We are
aware that the experimental approach has limitations. The
laboratory purchasing task is a hypothetical situation, and con-
straints of the laboratory (e.g., controlling the amount of
money available to spend on each family member, studying a
limited number of foods, and using color-coded pricing cards
to highlight increased or reduced prices) may have influenced
our results. As is the case with all laboratory studies, these
results need to be replicated outside the laboratory, and we
therefore caution against using the elasticity coefficients we
obtained to gauge the impact of actual changes in food prices
on food consumption patterns beyond the laboratory. Never-
theless, we believe that laboratory-based experimental eco-
nomic paradigms are a valuable tool in developing
evidence-based public-health policy.

Declaration of Conflicting Interests

The authors declared that they had no conflicts of interest with
respect to their authorship or the publication of this article.

Downloaded from pss.sagepub.com by guest on March 3, 2010


http://pss.sagepub.com/

Price Elasticity of Calories

References

Agras, W.S., Hammer, L.D., McNicholas, F., & Kraemer, H.C.
(2004). Risk factors for childhood overweight: A prospective
study from birth to 9.5 years. Journal of Pediatrics, 145, 20-25.

Beneke, WM., & Davis, C.H. (1985). Relationship of hunger, use
of a shopping list and obesity to food purchases. International
Journal of Obesity, 9, 391-399.

Brownell, K.D., & Frieden, T.R. (2009). Ounces of prevention—the
public policy case for taxes on sugared beverages. New England
Journal of Medicine, 360, 1-4.

Carson, T.N., & Gangadharan, L. (2003). Transaction costs in trad-
able permit markets: An experimental study of pollution market
designs. Journal of Regulatory Economics, 23, 145-165.

Cinciripini, P.M. (1984). Changing food selections in a public caf-
eteria: An applied behavior analysis. Behavior Modification, 8,
520-539.

Drewnowski, A. (2005). Concept of a nutritious food: Toward a nutri-
ent density score. American Journal of Clinical Nutrition, 82,
721-732.

Epstein, L.H., Dearing, K.K., Paluch, R.A., Roemmich, J.N., & Cho,
D. (2007). Price and maternal obesity influence purchasing of
low- and high-energy-dense foods. American Journal of Clinical
Nutrition, 86, 914-922.

Epstein, L.H., Handley, E.A., Dearing, K.K., Cho, D.D., Roemmich,
J.N., Paluch, R.A., et al. (2006). Purchases of food in youth:
Influence of price and income. Psychological Science, 17, 82—89.

Faith, M.S., Fontaine, K.R., Baskin, M.L., & Allison, D.B. (2007).
Toward the reduction of population obesity: Macrolevel environ-
mental approaches to the problems of food, eating, and obesity.
Psychological Bulletin, 133,205-226.

Finkelstein, E., French, S., Variyam, J.N., & Haines, P.S. (2004). Pros
and cons of proposed interventions to promote healthy eating.
American Journal of Preventive Medicine, 27(Suppl.), 163-171.

Finkelstein, E.A., Ruhm, C.J., & Kosas, K.M. (2005). Economic
causes and consequences of obesity. Annual Review of Public
Health, 26, 239-257.

French, S.A. (2003). Pricing effects on food choices. Journal of
Nutrition, 133, 8415-8438S.

French, S.A., Jeffery, R.-W., Story, M., Breitlow, K.K., Baxter, J.S.,
Hannan, P., & Snyder, M.P. (2001). Pricing and promotion effects
on low-fat vending snack purchases: The CHIPS Study. Ameri-
can Journal of Public Health, 91, 112-117.

French, S.A., Jeffery, R.W., Story, M., Hannan, P., & Snyder, M.P. (1997).
A pricing strategy to promote low-fat snack choices through vending
machines. American Journal of Public Health, 87, 849—851.

French, S.A., Story, M., Jeffery, R.W., Snyder, P., Eisenberg, M.,
Sidebottom, A., & Murray, D. (1997). Pricing strategy to promote
fruit and vegetable purchase in high school cafeterias. Journal of
the American Dietetic Association, 97, 1008—-1010.

Goldfield, G.S., & Epstein, L.H. (2002). Can fruits and vegetables and
activities substitute for snack foods? Health Psychology, 21,299-303.

Hedeker, D., & Gibbons, R.D. (2006). Longitudinal data analysis.
Hoboken, NJ: John Wiley & Sons.

Hill, J.O., Wyatt, H.R., Reed, G.W., & Peters, J.C. (2003). Obesity and
the environment: Where do we go from here? Science, 299, 853-855.

Horgen, K.B., & Brownell, K.D. (2002). Comparison of price change
and health message interventions in promoting healthy food
choices. Health Psychology, 21, 505-512.

Jacobson, M.F., & Brownell, K.D. (2000). Small taxes on soft drinks
and snack foods to promote health. American Journal of Public
Health, 90, 854-857.

Kagel, J.H., & Roth, A.E. (Eds.). (1995). The handbook of experi-
mental economics. Princeton, NJ: Princeton University Press.
Kuchler, F., Tegene, A., & Harris, J.M. (2005). Taxing snack foods:
Manipulating diet quality or financing information programs?

Review of Agricultural Economics, 27, 4-20.

Lowe, M.R., & Levine, A.S. (2005). Eating motives and the con-
troversy over dieting: Eating less than needed versus less than
wanted. Obesity Research, 13, 797-806.

Nutrition Coordinating Center. (2003). Nutrition data system for
research (NDS-R) software version 4.06 [Computer software].
Minneapolis: University of Minnesota.

Schram, A. (2005). Artificiality: The tension between internal and
external validity in economic experiments. Journal of Economic
Methodology, 12,225-237.

SYSTAT (Version 11.0) [Computer software]. (2004). Richmond,
CA: Systat Software.

Downloaded from pss.sagepub.com by guest on March 3, 2010


http://pss.sagepub.com/

