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An important contributor to adolescent obesity1---4

is the consumption of sugar-sweetened bever-
ages (SSBs). SSB consumption is highest among
minority adolescents; it is approximately15% of
their daily caloric intake.5,6 Although American
Health Association guidelines recommend that
SSB consumption be limited to 8 to 12 ounces
per day for children 7 to 18 years old,7 Black
adolescents appear to consume at least twice
that much of SSBs daily.6

Understanding the potential for environ-
mental interventions, which are increasingly
seen as essential for obesity prevention,8 to
motivate reductions in SSB consumption among
groups at high risk of obesity is important.
Clinical obesity interventions are not easily
accessible to all adolescents, and most adoles-
cents who begin obesity treatment do not
complete it,9 with poor and minority youths at
even higher risk for discontinuing treatment.10

One promising environmental strategy to
reduce consumption of SSBs is to provide
consumers with easily interpretable caloric in-
formation; this is the result of the empirical
evidence that suggests that consumers signifi-
cantly underestimate the amount of calories in
the foods they consume,11---13 and that consumer
choices can be markedly affected by informa-
tion.14,15 Moreover, relative caloric information,
such as the running minutes required to burn
off a particular beverage (as opposed to abso-
lute calories), may be more effective in re-
ducing consumption.16,17

Our previous work,17 which was the only
study on caloric labeling to focus on low-
income Black adolescents, examined the effect
of providing caloric information and found that
providing this information in the form of
a physical activity equivalent (e.g., minutes of
running required to burn off a bottle of soda),
relative to no information, significantly reduced
the likelihood that an observed beverage

purchase was an SSB and increased the likeli-
hood of a water purchase.17 However, our
previous study was unable (1) to examine the
decision to purchase any beverage or the size
of beverage purchased; (2) to determine
whether study participants understood or be-
lieved the caloric information, which was crit-
ical based on the research that suggested that
information could only affect purchasing be-
havior if individuals noticed or perceived
it13,18,19; (3) to examine which type of caloric
information was most effective (because of the
small sample size); or (4) to examine whether
exposure to caloric information had a persis-
tent effect postintervention. These key unan-
swered questions from our initial study are
important areas of inquiry that have not been
previously addressed in the research.

The previous literature related to the persis-
tence or duration of information and behavior
change is particularly scarce. A recently pub-
lished theoretical framework that examined

consumer responses to nutrition information
on food labels posited that a label’s effect on
purchasing might persist over time, even after
the label was removed.20 By contrast, empirical
evidence from the literature on mass media
campaigns for tobacco cessation suggested that
the removal of information was associated with
a decline in beneficial effects.21---23

Ourmain purpose of this study was to identify
the most effective modes of communicating SSB
caloric information among Black adolescents to
reduce the quantity, volume, and number of
calories from SSB purchases. Our secondary aim
was to examine whether providing caloric in-
formation had a persistent effect on behavior
after it was removed. For our primary aim, we
hypothesized that providing caloric information
in an easily understandable format would reduce
adolescent purchases of SSBs in 3 different ways:
forgoing any beverage purchase, switching to
a non-SSB, and switching to a smaller SSB. For
our secondary aim, we hypothesized that caloric

Objectives. We examined the ways in which adolescents altered the type and

size of their purchases of sugar-sweetened beverages (SSBs), together with

whether the effects persisted after removing caloric information signs in stores.

Methods. We used a case-crossover design with 6 stores located in low-

income Black neighborhoods in Baltimore, Maryland, from 2012 to 2013. The

intervention used 1 of 4 randomly posted signs with caloric information:

absolute calories, number of teaspoons of sugar, and number of minutes of

running or miles of walking necessary to burn off a beverage. We collected data

for 4516 purchases by Black adolescents, including both baseline and post-

intervention periods with no signs posted.

Results.We found that providing caloric information significantly reduced the

number of total beverage calories purchased, the likelihood of buying an SSB,

and the likelihood of buying an SSB greater than 16 ounces (P < .05). After

removing the signs, the quantity, volume, and number of calories from SSB

purchases remained lower than baseline (P < .05).

Conclusions. Providing caloric information was associated with purchasing

a smaller SSB, switching to a beverage with no calories, or opting to not

purchase a beverage; there was a persistent effect on reducing SSB purchases

after signs were removed. (Am J Public Health. 2014;104:2417–2424. doi:10.2105/
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information would have an attenuated, but
persistent effect, on beverage purchasing after
the intervention ended.

METHODS

We designed an intervention to provide
caloric information on SSBs in 6 stores and
collected data on the purchases made both
before and after the intervention. The design
for this study is a variant of the case-crossover
design, and allowed us to identify whether the
change in SSB purchases after the intervention
was greater than would be expected as a result
of chance.24 The target population was low-
income Black adolescents, aged 12 to 18 years,
living in Baltimore, Maryland.

We identified 6 corner stores proximal to
middle and high schools in Baltimore. We used
Google Maps (Menlo Park, CA) rather than
existing business databases to identify potential
stores, because corner stores are less likely to be
included in these listings.25 Corner stores were
eligible for inclusion if they were within walking
distance of a middle school or high school (5 city
blocks or less), the population of the zip code was
70% or more Black, and if water and diet soda
were available in the store’s beverage cases.

Caloric Information Intervention

We developed 4 different interventions to
provide caloric information on SSBs: absolute
caloric count, number of teaspoons of sugar,
and the number of minutes of running and the
number of miles of walking required to burn
off the calories. The latter 3 signs were selected
based on focus groups with Black adolescents
in which we tested various physical activity
equivalents. (Our previous study used 3 dif-
ferent signs: absolute calories, percent daily
calories, and minutes of running.17)

We used 250 calories for the absolute
caloric count by obtaining this number directly
from the nutritional label on a typical soda
bottle (20 ounces). To translate calories into
teaspoons of sugar, we converted the grams
of sugar in a bottle of soda into teaspoons
(1 teaspoon = 4.2 g). To translate calories into
physical activity equivalents, we used the en-
ergy balance equation, described in detail
elsewhere.26 We calculated that a 15-year-old
adolescent weighing 110 pounds (50 kg)
would need to replace sitting with running for

50 minutes or walking for 5 miles to burn off
250 extra calories from a bottle of soda.

For each of the 4 interventions (type of
caloric information), a brightly colored 8.5- ·
11-inch sign was placed in a prominent loca-
tion on each beverage case in each corner
store. The following text was used on the signs
to depict the 4 different of caloric information.
(1) “Did you know that a bottle of soda or fruit
juice has about 250 calories?” (2) “Did you
know that a bottle of soda or fruit juice has
about 16 teaspoons of sugar?” (3) “Did you
know that working off a bottle of soda or fruit
juice takes about 50 minutes of running?” (4)
“Did you know that working off a bottle of soda
or fruit juice takes about 5 miles of walking?”

Data Collection

Information on all purchases at the register
was obtained for a random sample of Black
adolescents who appeared to be between the
ages of 12 and 18 years; these purchases
included those when a beverage was not
selected. All study data were collected by 5
research assistants in the corner stores. For the
baseline period, and the intervention and
postintervention periods, a random sample of
approximately 35 adolescent purchases was
collected per store per week. For each recorded
purchase, we collected information on whether
the adolescent bought a beverage and the
gender of the individual, along with the date,
time, and store location. For each beverage
sale, information was collected on the type and
volume of beverage purchased. The type of
SSBs included soda, fruit drink, sport drink,
vitamin water, and “hug” (a fruit drink pack-
aged in 8-ounce bottles); the type of non-SSBs
included diet soda, water, and 100% juice. We
recorded the volume in ounces and determined
the number of calories for each purchase.

We collected the baseline data at each of the
6 corner stores for approximately 4 weeks.
Following baseline data collection, we ran-
domly assigned the corner stores to each type
of caloric information for approximately
a 2-week period, during which we collected
beverage sales data. Before collecting data for
each type of caloric information, we allowed for
a week of “burn-in” time, in which the caloric
information was posted but beverage sales
were not recorded. Between each type of
caloric information, we allowed for a week of

“washout” time, in which caloric information
was removed and beverage sales were not
recorded. During the postintervention period,
which lasted 6 weeks, all caloric information
was removed. The study design can be found
as data available as a supplement to the online
version of this article at http://www.ajph.org.

We collected data on school days over 10
months, from August 2012 to June 2013. Data
for 4516 purchases by Black adolescents, aged
12 to 18 years, were collected, 3098 of which
were beverages. This included 816 purchases
during the baseline period (601 beverage
purchases), and 3433 purchases evenly spread
across all 4 caloric information interventions
(2311 beverage purchases), and 267 postin-
tervention (186 beverage purchases). Study
staff conducted site visits at least twice a week
at each store to assure that the signs providing
the caloric information were appropriately
displayed on the beverage refrigerators.

Exit Interviews

We also conducted exit interviews among
one quarter of the sample across all stores. We
used the “street-intercept” method,27 in which
adolescents were asked to answer: whether
they had noticed the sign; if so, whether they
understood the information; whether they be-
lieved the information; and whether the in-
formation influenced their purchase. Adoles-
cents were compensated with at $5 Target gift
card for participating.

We used text messages between the research
assistants recording beverage purchases and the
research assistants conducting the exit interviews
to identify which adolescents to intercept for the
exit interviews. This allowed us to ensure that
the adolescents participating in the exit inter-
views were a subset of the entire study sample.
All exit interviews were conducted during data
collection for the last caloric condition (which
varied randomly by store) to avoid possible
contamination of the interviews on purchasing
behavior. Also to address possible cross-con-
tamination, the research assistants completing
the exit interviews stood around the corner or at
least 10 to 15 feet away from the store entrance.

Outcome Measures

We examined 3 main outcomes: total num-
ber of calories (calculated from the volume and
beverage type), whether an SSB was purchased,
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and whether a large volume SSB was pur-
chased. For the third measure, we dichoto-
mized beverage volume into greater than 16
ounces or 16 ounces or less because of the
recent efforts by New York City Former Mayor
Bloomberg to ban SSBs greater than 16 ounces
in food service establishments regulated by the
city (e.g., restaurants and movie theaters).28 For
the latter 2 outcomes, we also examined type-
specific outcomes—for example, whether a
water bottle was purchased and whether a
large-volume soda was purchased.

We examined these 3 main outcomes for 3
different study samples: the full sample of
4516 purchases (including purchases without
beverages); the subsample of 3098 beverage
purchases; and the subsample of 2794 SSB
purchases. Examining these samples allowed us
to help distinguish the impact of the caloric
information on 3 possible behavior changes:
purchasing no beverage, switching from an SSB
to a non-SSB, and purchasing a smaller SSB.

Statistical Analysis

For each of the outcome variables, we used
multivariate regression models to examine the
effects of the 4 types of caloric information
on purchasing decisions compared with the

baseline period, and to compare the effects of
each of the 4 types of caloric information on
purchasing decisions relative to each other. We
also examined whether the postintervention
period’s outcomes differed from the baseline.
We controlled for the store where the beverage
was purchased, the adolescent’s gender, and
time of day (before 4 PM or after 4 PM) to
capture whether purchases were made before,
during, or after school, and average monthly
temperature to adjust for seasonality. Each of
these comparisons was made in the sample of
all purchases, the sample of all beverage pur-
chases, and the sample of all SSB purchases.

For our first outcome, measuring the total
number of calories, we used a 2-part model to
account for the high number of zero values
where (1) a logistic regression was used to
estimate the probability of purchasing any cal-
ories, and (2) a generalized linear model with
a log-link function and a c distribution of the
error term was used to estimate the number of
calories among those who purchased a drink
with any calories. For these analyses, zero
calorie outcomes included diet drinks and water
among the beverage purchases, and no bever-
ages among the full sample. For the 2 binary
outcomes (SSB vs non-SSB and > 16 ounces vs

£ 16 ounces), we used logistic regression ana-
lyses. In each of these regressions, the key
explanatory variables were indicator variables
for the information provided. One set of models
used a single indicator variable for whether any
information was provided, whereas a second set
of models used 4 indicators for the type of
calorie information. We then produced the
predicted values (and SEs) for these 3 outcomes
(i.e., number of calories, the probability of an
SSB purchase, and the probability of an SSB
purchases > 16 ounces) for each of the types of
information provided (i.e., baseline, caloric in-
formation, and postintervention) to then illus-
trate the marginal effects of the intervention.We
used the t-test and the v2 test for the analysis of
the exit interviews. In all models, we included
store-fixed effects to mitigate concerns about
any omitted variable biases resulting from un-
observable characteristics correlated with both
the outcomes and the stores. All analyses were
conducted using STATA version 11.1 (Stata-
Corp, College Station, TX).29

RESULTS

Table 1 reports the characteristics of the
study sample, in the pre- and postintervention

TABLE 1—Study Sample Characteristics: Preintervention and Postintervention by Type of Caloric Information: Reducing Sugar-Sweetened

Beverages Consumption by Providing Caloric Information; Baltimore, MD; 2012–2013

Baseline Intervention Postintervention

Variable

Stores With No

Information

Posted (n = 816)

Stores With Absolute

Calories Posted (n = 845)

Stores With

Teaspoons of Sugar

Posted (n = 850)

Stores With Minutes

of Running Posted

(n = 861)

Stores With Miles of

Walking Posted

(n = 877)

Stores With No

Information

Posted (n = 267)

Any beverage, no. (%) 601 (73.4) 547** (64.7) 595* (70.0) 589* (68.4) 580** (66.1) 186** (69.7)

Any SSB purchase, no. (%)a 584 (97.2) 483** (88.3) 525** (88.7) 518** (88.0) 518** (89.3) 166** (89.3)

Any SSB > 16oz, no. (%)a 321 (53.4) 210** (38.3) 254** (42.7) 265* (45.0) 263* (45.3) 54** (29.0)

Calories, mean (SD), kcala 207 (105) 185** (84) 188** (77) 193** (94) 187** (81) 175** (79)

Gender, no (%)a

Male 433 (53.1) 406 (48.1) 419 (49.3) 402 (46.7) 420* (47.9) 138 (51.7)

Female 383 (46.9) 439 (51.9) 431 (50.7) 459 (53.3) 457 (52.1) 129 (48.3)

Time, no. (%)a

Before 4 PM 239 (29.3) 455** (54.9) 520** (61.2) 451** (52.4) 655** (74.7) 200** (74.9)

4 PM or after 577 (70.7) 390 (46.2) 330 (38.8) 410 (47.6) 222 (25.3) 67 (25.1)

Average monthly temperature, F, mean (SD) 78 (5.2) 59 (10.6) 65 (10.4) 59 (10.7) 60 (10.4) 76 (1.0)

Note. SSB = sugar-sweetened beverage. Numbers may not sum to 100% because of rounding. The P values were obtained from the v2 test that compared the percentage of purchases at baseline
and each type of caloric information.
aThese are the summary statistics for the subsample of all beverage purchases.
*P < .05; **P < .01; significantly different from baseline.
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periods and by the type of caloric information.
During the pre- and postintervention periods,
most purchases included a beverage, with SSBs
more commonly purchased than non-SSBs. In
the baseline period, 73% of purchases included
a beverage, 97% of all beverage purchases
were SSBs, 53% of beverage purchases were
large volume SSB beverages, and mean calories
per beverage were 207 kilocalories. Charac-
teristics of the entire study sample overall and
by store, combining the pre- and postinterven-
tion periods, can be found as data available as
a supplement to the online version of this
article at http://www.ajph.org.

Adjusted Beverage Outcomes Based on

the Type of Caloric Information

Table 2 presents the regression-adjusted
outcomes comparing beverage purchases at
baseline with purchases based on the 4 types of
caloric information and with purchases during
the postintervention period. The full models
are available upon request. In each of the 3
samples (all purchases, all beverage purchases,
and all SSB purchases), providing any caloric
information relative to the baseline signifi-
cantly reduced the number of total beverage
calories purchased, the likelihood of buying an
SSB, and the likelihood of buying an SSB
greater than 16 ounces (if applicable), after
adjusting for adolescent and store characteris-
tics (P< .05). For instance, adolescent pur-
chases averaged 149 calories in the baseline,
but these purchases fell to an average of 121
calories across all 4 intervention conditions.
Purchases that included a beverage with 203
calories in the baseline fell to an average of 184
calories across all 4 conditions. Moreover, in
each of the 3 samples, changes in purchasing
behavior persisted after the removal of calorie
information postintervention, relative to base-
line, after adjusting for covariates (P< .05).
For instance, this 149-calorie baseline
among all purchases fell to 127 calories
postintervention. (The 121 vs 127 calorie
comparison was insignificant.) In separate
models (not shown), we also examined
whether the impact of calorie information
on SSB purchases differed for males and
females, but we observed no significant
differences in gender.

We also compared differences in the effects
of the types of caloric information on outcomes

relative to each other. We observed statistically
significant differences between signs for calorie
information presented as miles walking in the
all SSB purchases sample, but the magnitude of
the differences seemed modest. Providing ca-
loric information as miles of walking necessary
to burn off a bottle of soda resulted fewer
calories purchased compared with teaspoons
of sugar (190 kcal vs 194 kcal; P= .09)

and significantly fewer calories purchased
compared with minutes of running (190 kcal vs
201 kcal; P= .009).

Adjusted Change in Beverage Purchases

Figure 1 illustrates the adjusted distribu-
tion of beverage purchases at baseline and
the intervention period for the different
types of beverage purchases. Among the

TABLE 2—Adjusted Beverage Purchase Outcomes Comparing the Types of Caloric

Information Provided at Baseline: Reducing Sugar-Sweetened Beverages Consumption by

Providing Caloric Information; Baltimore, MD; 2012–2013

Outcome

Variable Total Calories, kcal (95% CI) Purchased Any SSB, % (95% CI) SSB > 16 oz, % (95% CI)

Sample: all purchases (n = 4516)

Baseline 149 (134.1, 164.1) 71 (62.8, 79.7) 39 (28.2, 49.4)

Any information 121a (117.8, 124.9) 59a (57.0, 61.2) 25a (22.3, 26.7)

Type of information

Absolute calories 121 (109.5, 133.0) 58a (52.1, 63.2) 24 (16.6, 31.2)

Teaspoons of sugar 123 (112.7, 132.4) 60 (55.3, 65.1) 25 (19.5, 31.0)

Minutes of running 123 (108.6, 138.1) 59 (50.6, 66.4) 25 (19.8, 30.8)

Miles of walking 115a (107.5, 122.8) 57a (53.8, 60.2) 24a (21.6, 26.4)

Postintervention 127a (116.4, 136.7) 65 (59.2, 70.7) 23a (15.9, 31.0)

Sample: all beverage purchases (n = 3098)

Baseline 203 (195.8, 210.2) 98 (94.3, 1.01) 54 (42.7, 64.8)

Any information 184a (178.0, 187.5) 89 (88.1, 90.8) 37a (33.8, 39.5)

Type of information

Absolute calories 189 (178.3, 199.4) 90a (88.2, 91.6) 37 (27.4, 47.1)

Teaspoons of sugar 182 (171.1, 192.5) 89 (84.8, 93.7) 37a (29.3, 44.0)

Minutes of running 186 (175.8, 196.2) 88a (83.9, 92.7) 38a (31.8, 43.3)

Miles of walking 179a (171.9, 187.3) 89a (87.0, 92.0) 37a (33.1, 40.6)

Postintervention 178a (170.5, 185.6) 91a (88.4, 94.1) 33a (23.0, 42.1)

Sample: all SSB purchases (n = 2794)

Baseline 206 (199.2, 212.7) . . . 55 (42.6, 66.9)

Any information 196a (194.1, 198.3) . . . 34a (30.9, 37.9)

Type of information

Absolute calories 202 (190.3, 213.5) . . . 35 (23.4, 46.3)

Teaspoons of sugar 194 (184.9, 203.2) . . . 35a (27.9, 41.6)

Minutes of running 201b (195.0, 206.9) . . . 36a (27.8, 44.5)

Miles of walking 190a (185.5, 194.6) . . . 35a (31.0, 38.7)

Postintervention 189a (183.8, 194.4) 28a (14.1, 41.6)

Note. CI = confidence interval; SSB = sugar-sweetened beverage. The “Number of Total Calories” estimates were based on
a 2-part model to account for the high number of zero values, where (1) a logistic regression was used to estimate the
probability of purchasing any calories, and (2) a generalized linear model with a log-link function and a c distribution of the
error term was used to estimate the number of calories among those who purchased a drink with nonzero calories. The
predicted probabilities for the “Purchased Any SSB” and “SSB Greater Than 16 oz” models are based on logistic regression
models. These estimates are adjusted for gender, store, time of day (before or after 4 PM), and average monthly temperature.
Source. Purchases from 6 corner stores in a low-income, predominantly Black neighborhood of Baltimore, MD.
aSignificantly different from baseline, P < .05.
bSignificantly different from miles of walking, P < .05.
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SSBs, the frequency of soda purchases
(44% baseline vs 30% intervention; P< .001)
and sport drinks purchases (3% vs 1%; P< .001)
were significantly lower after posting the signs,
whereas the frequency of fruit drink purchases
was higher, although not statistically significant
(18% vs 21%; P= .08).

Among the non-SSBs, the frequency of water
(1% vs 4%, P= .001) and diet soda (0.01%
vs 1%; P= .04) purchases was significantly
higher. Among all purchases, the frequency of
not buying a beverage was significantly higher
(27% vs 33%; P= .005).

Adjusted Change in Sugar-Sweetened

Beverage Purchases by Volume

Figure 2 shows the adjusted frequency of
purchasing a large volume SSB (> 16 ounces)
versus a small volume SSB (£ 16 ounces) by
beverage type at the baseline and the inter-
vention period among the subsample of SSB
purchases. The frequency of purchases was
significantly lower for large volume sodas
(27% baseline vs 16% intervention; P< .001),
iced tea (7% vs 3%; P< .001), and sport drinks
(3% vs 1%; P= .02). The frequency of pur-
chases was significantly higher for low-volume

fruit drinks (4% vs 15%; P < .001) and iced tea
(0% vs 7%; P< .001).

Exit Interviews

Exit interviews were conducted among one
quarter of the study sample (n = 607; results

not shown). Among the 35% who reported
seeing the signs with caloric information, 95%
reported understanding them, 59% reported
believing them, and 40% reporting changing
their purchase as a result of seeing them. The
adjusted probability of purchasing an SSB was
significantly lower among adolescents who
reported seeing the signs (76% vs 94%;
P < .001) and believing the signs (68% vs 94%;
P< .001), and marginally more significant
among adolescents who reported understanding
the signs (77% vs 99%; P= .09). The adjusted
probability of purchasing a large volume SSB
(> 16 ounces) was significantly lower among
adolescents who reported seeing the signs (32%
vs 42%; P= .01). There were no differences in
these responses by the type of caloric informa-
tion or gender.

DISCUSSION

This study extended our earlier work that
studied the impact of alternative modes of
understandable caloric information on adoles-
cent SSB purchases by examining the follow-
ing: the decision to purchase any beverage or
the size of beverage purchased, whether ado-
lescents understood or believed the caloric
information, the relative effectiveness of vari-
ous types of caloric information, and whether
exposure to caloric information had a persis-
tent effect postintervention. Overall, we found
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that providing easily understandable caloric
information might be an effective strategy for
lowering calorie intake from SSBs among low-
income Black adolescents and encouraging in-
creased water and diet soda purchases. This
intervention was associated with purchasing
a smaller SSB, switching from an SSB to
a beverage with no calories, or opting to not
purchase a beverage, and it had a persistent
effect on reducing SSB purchases for approxi-
mately 6 weeks after signs were removed
(which is when the study period ended).

Regarding the type of caloric information on
the signs, our results showed that providing
information in the form of miles of walking to
burn off a 20 ounce bottle of soda or fruit juice
had a modest, but significant, effect on reducing
the number of calories purchased compared
with other relative information in the form of
minutes of running or teaspoons of sugar.

Regarding the specific type of beverage, we
observed significantly fewer purchases of soda
and sport drinks (with larger decreases for
soda), significantly more purchases of water
and diet soda, and significantly more purchases
including no beverage at all. We also observed
a significant increase in small volume fruit
drink purchases, which suggested that adoles-
cents might view these beverages as a healthy
alternative although they have as much added
sugar as soda.

Regarding the perceptions of the signs
themselves, among the one third of the sample
who participated in the exit interviews, the
caloric information was understandable to
virtually all, believable to two thirds, and was
associated with a lower probability of pur-
chasing an SSB among those who reported
seeing the signs.

The results related to a reduced quantity of
SSB purchases were consistent with our pre-
vious work and another recent study that
suggested that presenting caloric information in
the form of a physical activity equivalent might
be more persuasive to consumers than absolute
calories.16,17 These findings were also consis-
tent with research that suggested that calorie
information reduces calorie ordering and con-
sumption.30---37 However, our results were in-
consistent with a body of research that gener-
ally found that absolute calorie information did
not affect purchasing behavior overall31,38---40

or among low-income minority individuals,41,42

although the absolute calorie signage reduced
SSB purchases in our study. Mixed findings
among these other studies might be caused by
several factors, including small sample sizes,
short time frames, and consumer difficulties in
understanding the information contained in the
presentation of absolute calories.43 The results
related to our exit interviews were inconsistent
with this earlier work, which focused on menu
labeling in chain restaurants; we found that
fewer adolescents reported seeing the signs,
but that the percentage of adolescents who
reported that the information changed their
behavior was higher.41

Future research could continue testing
these and additional physical activity equiva-
lents for caloric information among high-risk
groups for obesity to understand which are
the most persuasive. Conducting more exten-
sive exit interviews to better understand how
caloric information is used, why caloric in-
formation is not believable to all adolescents,
and whether these factors differ among groups
at high risk for obesity would be valuable. In
addition, future research could examine how
caloric information targeted toward adoles-
cents influences other consumers, such as
adults; in particular, whether adults perceive
calories presented as physical activity equiva-
lents differently than adolescents. Future re-
search should also explore the persistent effect
of caloric information on SSB purchases using
longer follow-up periods. Future research
should also examine whether adolescents
view fruit drinks as a healthy alternative to
soda.

Study Limitations

There were several limitations to this study
worth noting. First, the generalizability of the
study results was limited by our focus on
urban, Black neighborhoods in 1 city and the
inclusion of only 6 corner stores. Moreover,
the stores that agreed to participate might be
different in unobserved ways from stores that
did participate. Second, the translation of
calories into physical activity equivalents was
based on averages for male and female ado-
lescents aged 12 to 18 years, as obtained from
the literature,44,45 which might limit general-
izability. Third, although we did collect a ran-
dom sample of adolescent beverage sales from
each store, it was possible that adolescents

who frequented a corner store were sampled
more than once. This analysis was not able to
account for autocorrelation (i.e., similarities
between observations over time) because we
could not develop a unique identifier for each
study participant. However, we did include
store-fixed effects in our models to mitigate
concerns about any omitted variable biases
resulting from unobservable characteristics
correlated with both the outcomes and the
stores. In addition, our study design should
have reduced confounding because of demo-
graphic characteristics, taste preferences, and
other fixed characteristics. Fourth, we did not
have a control store; rather we used a case-
crossover design, where each person and store
served as their own control. Although our
design allowed us to identify whether the
change in SSB purchases after the intervention
was greater than would be expected as a result
of chance, it might not entirely control for
changes over time. We did, however, include
store-fixed effects to address this potential
limitation. Fifth, information on calories from
food purchases was not collected, so it was not
possible to examine the potential shift from
purchases of beverage calories to purchases of
food calories. Sixth, the “minutes of running”
and “miles of walking” signs were not directly
comparable because they used different
frames; one used time and the other used
distance. As a result, the difference we ob-
served could have been driven by how one
processes minutes of doing something versus
miles to do something. Finally, it was possible
that the latter caloric information in each store
included some carryover effects from earlier
caloric information. In other words, it was
possible that the washout period did not
totally eliminate the effect of previously
posted signs. To test whether there was a cu-
mulative effect, we compared the percentage
of purchases that were SSBs during the in-
tervention period providing caloric informa-
tion by whether that information was pro-
vided first, second, third, or fourth. We found
no difference in the percentage of SSB pur-
chases based on the timing.

Conclusions

Overall, our results indicated that providing
adolescents with caloric information was associ-
ated with 3 behavioral changes to reduce calorie
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purchases: not making a beverage purchase,
switching from an SSB to another drink with
no calories or one with no added sugar, and
purchasing a smaller SSB. Understandable calo-
ric information also appeared to have had
a persistent effect on reducing SSB purchases for
approximately 6 weeks after it was removed
(which is when the study period ended). Because
of the recent implementation of the Affordable
Care Act’s calorie labeling requirements46 and
their potential impact on the obesity epidemic,47

it will be important to explore the most effective
strategies for presenting caloric information to
consumers on chain restaurant menu boards.
These results might also be relevant to other local
or state initiatives in various settings (convenience
stores, vending machines in schools, or workplaces)
that require point-of-purchase information. j
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