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Abstract

advertising on adult food choice.

with total calories of the snacks chosen.

total calories (95% Cl: 19-169).

when individuals are cognitively occupied by other tasks.

Background: Advertising has been implicated in the declining quality of the American diet, but much of the
research has been conducted with children rather than adults. This study tested the effects of televised food

Methods: Participants (N = 351) were randomized into one of 4 experimental conditions: exposure to food advertising
vs. exposure to non-food advertising, and within each of these groups, exposure to a task that was either cognitively
demanding or not cognitively demanding. The number of unhealthy snacks chosen was subsequently measured, along

Results: Those exposed to food advertising chose 28% more unhealthy snacks than those exposed to non-food-
advertising (95% Cl: 7% - 53%), with a total caloric value that was 65 kcal higher (95% Cl: 10-121). The effect of
advertising was not significant among those assigned to the low-cognitive-load group, but was large and significant
among those assigned to the high-cognitive-load group: 43% more unhealthy snacks (95% Cl: 11% - 85%) and 94 more

Conclusions: Televised food advertising has strong effects on individual food choice, and these effects are magnified

Keywords: Behavioral economics, Advertising, Obesity, Food choice, Cognitive load

Background
The quality of the typical American diet has been erod-
ing for decades, a development that some researchers
have associated with the growth in food marketing [1-3].
Although each of the “4 P’s” of marketing—product [4],
place [5], price [6,7], and promotion [8]—have contrib-
uted to the erosion of the American diet, that part of
promotion that comprises television advertising has
certainly played a significant role [9-14]. Even among
adults, food advertising has strong effects [9,15-18].
Recent research in psychology and behavioral economics
has shown that cognitive resources are inherently limited
[19,20]. People are able to make attentive, rational-seeming
decisions some of the time, but at other times decisions
seem to be irrational, relying on such cognitive shortcuts
as heuristics, social referencing, and habit [21-24].
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In the particular area of behaviors around what and
how much we eat, people seem to be so sensitive to such
effects that eating itself has been described as an “auto-
matic behavior” [25]. In several recent experiments,
researchers have discovered that portion size, the behavior
of nearby eaters, the accessibility of food, and even dubi-
ous health claims all affect the amount and types of food
consumed [26-29].

A separate strand of research has shown that eating
behaviors are sensitive to the depletion of cognitive re-
sources at any given time (that is, to cognitive load).
One study manipulated available cognitive resources by
asking participants to memorize either a 2-digit or a 7-digit
number, walk down a hallway to another room, and recall
the number [30]. Along the way, participants were offered
the choice of a chocolate cake or a fruit salad. Among
those who had been given a 7-digit number 63% chose
the chocolate cake, whereas among those remembering
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a 2-digit number only 41% chose the cake. Another
study produced similar results among restrained eaters
[31]. These results were accentuated when the cognitive
load represented an ego threat to the participant [32].

There accordingly appears to be strong evidence that
eating behaviors are highly sensitive to external cues
(including advertising), and cognitive load tends to disin-
hibit eating. Putting these two strands of research together
suggests that the effects of food advertising may be greater
among those under a heavy cognitive load than among
those whose cognitive resources are not so taxed.

Recent work has shown that foods of low nutritional
quality are more heavily marketed in low-income and
minority neighborhoods [33-37]. This finding, if repli-
cated in other studies, may explain a part of the socio-
economic disparities in eating behaviors that have been
observed. Yet it also raises a question: why might it be
more attractive to advertise obesigenic foods in these
vulnerable neighborhoods?

This conjecture may offer important insights into the
causes that underlie socioeconomic disparities in dietary
behaviors. If cognitive load potentiates the effects of obe-
sigenic food advertising, then disparities in stress and
cognitive load could translate into disparities in healthy
eating behaviors.

This study tests whether food advertising has a signifi-
cant effect on the types and quantity of food chosen in a
free-choice environment, and explores how these effects
of advertising differ when cognitive load is experimen-
tally manipulated.

A secondary analysis presents these results stratified
by the socioeconomic status of the participants.

Methods

This study used a 2x2 factorial design, with both adver-
tising and cognitive load experimentally manipulated, to
test the effects of food advertising on food choice overall
and among subsets of participants who received either
high-cognitive-load or low-cognitive-load tasks.

Sample

Participants were students at UCLA, recruited through
posters, ads in the campus newsletter, and a campus-wide
student participant pool maintained by the Anderson
Behavioral Lab, a part of the UCLA Anderson School of
Management. All willing students aged 18 or older and
without any major self-reported health problems (such as
asthma, diabetes, heart disease or depression) were eligible
to participate. Participants were told that they would be
participating in a study of “television viewing and short-
term memory”. Those who completed the study were
given a $10 gift certificate to on-campus stores and
restaurants.
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Participants who met the above inclusion criteria were
randomly assigned to one of four groups:

1. High cognitive load + food advertising
2. Low cognitive load + food advertising
3. High cognitive load + non-food advertising
4. Low cognitive load + non-food advertising

Procedures

Participants were invited in groups of 20 to view prere-
corded movie segments interspersed with advertising. Each
session included, in this order, a brief introduction to
the study, 45 minutes of viewing, a brief break for snacks
(including water and soda options), and the completion of
a survey of demographic and other information. The entire
session typically lasted just under an hour. Eligible enrol-
lees were asked to enroll for a particular study session via
an online scheduling system. The study slots were then
randomly assigned to one of the four experimental arms,
ensuring only that approximately equal number of sessions
were conducted in morning, noon and afternoons.

The viewing consisted of a 3 blocks of content and each
block included three 30-second commercials. Each block
began with an introductory or transition screen displayed
for 15 seconds, an introductory announcement such as
that seen in movie theaters requesting that people silence
their cell phones, and one, 30-second commercial. This
introductory material— 45 seconds total—was followed by
a 6-to-7-minute segment excerpted from a movie or tele-
vision show, a second 30-second commercial break, a
second movie or TV segment, and finally one more 30-
second commercials. For those participants assigned to
the food-advertising arm, the 2 of the 3 commercials were
for an obesigenic food product—potato chips, chocolate
candy and sugary soda. The order in which food commer-
cial was introduced within each block varied. Each partici-
pant assigned to the food-advertising arm accordingly was
exposed to 6, 30-second food commercials. In the inter-
vention arm, 1 of the 3 commercials was for irrelevant
products (such as cars, sneakers or cell phones). Those
assigned to the control-advertising arm saw the same
irrelevant commercials as in the food-advertising arm, and
in addition saw additional non-food commercial in the
place of food commercial in each block. Participants in
both arms saw the same number of commercials and the
same TV and movie programming. The movie and TV
excerpts were chosen to be entertaining, but not highly
stimulating, and to avoid mention of food, eating, or
obesity-related topics. The same TV and movie excerpts
were used in both arms. Additional file 1 reports the full
schedule of viewing in both arms.

There were two parts to the cognitive task, a task
involving remembering a number and a task involving
tracking information on screen.
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Immediately before the introductory screen of the
third block, participants were shown a number for 7 sec-
onds and asked to memorize the number. Participants
were asked not to write the number down and were told
that they would be asked to record the number on their
final survey. Those assigned to the high-cognitive-load
condition were asked to remember a 7-digit number.
Those assigned to the low-cognitive-load condition were
asked to remember a 2-digit number. These cognitive
tasks were chosen because of their similarity to a previ-
ous experiment involving cognitive load and food choice
[30]. The specific numbers are reported in Additional
file 1. The information task demanding high cognitive
load required the participants to mentally keep track of
the number of times a particular word was uttered in a
movie segment. (For example, in the sector showing
‘Duck Dynasty, the participants were asked to count the
number of time the word duck is uttered by any of the
actors.) At the end of that segment, they were required
to write down the total count on the task answer sheet
given to them.

In addition to memorizing a 2-digit number, the low
cognitive load task was to answer a simple question per
segment. (For example, in the ‘Duck Dynasty’ segment,
the question asked about the show’s location, which was
mentioned multiple times during the segment.)

At the beginning of the study, participants were in-
formed of the study purpose and protocol and provided
their verbal consent to participate. The study protocol
was approved by the UCLA Institutional Review Board,
approval #12-000323.

Variables
A variety of snack and drink items were made freely
available to the participants during a break that took
place after the viewing and before the survey. Partici-
pants were told that there were snacks on the table on
one side of the room, and that they were invited to help
themselves. These items included water, small bags of
sliced apples, small bags of trail mix, granola bars, Coca
Cola, small bags of M&M’s, Reese’s Peanut Butter Cups,
Hershey’s Kisses, and Lay’s Potato Chips. Ads for Coca
Cola, Hershey’s Kisses, M&M’s and Lay’s Potato Chips
were included as part of the experimental manipulation
in the food-advertising arm. Because no ads were pre-
sented for water, apples, trail mix or granola, these items
were deemed healthy, with the candy, soda, and potato
chips deemed unhealthy. These labels are intended as
convenient descriptors only, as it is true that excessive
consumption of, say, trail mix, would not be healthy.
Two main outcome variables were assessed: the number
of snack items chosen and the total count of calories of
food that was chosen. These outcomes were chosen to
reflect each of the two distinct dimensions of food-related
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choices: the type of food chosen and the quantity chosen.
Actual consumption of food was not a behavioral target of
the experiment and was not observed in the study. Within
each of these outcomes, the analysis separately tracks the
number of calories from healthy and unhealthy items and
the number of healthy and unhealthy items chosen.

The number and types of snack items (including drinks)
were observed and recorded by one of the coauthors (SS).
Discrete video recording of the snacks area permitted
accurate assessment of the items taken by each study
participant. Calorie counts were available for each of the
healthy and unhealthy items.

The final questionnaire included questions on age, gen-
der, year in school, major, exercise and sleeping habits, fast
food consumption, soda consumption, and. television
viewing habits. Following previous work on economic
disparities in obesity, students were asked to provide
the zip code of their parents’ address as a proxy for
socioeconomic status [38]. Data from the 2011 American
Community Survey, collected by the US Census, were
used to determine the average income for each zip code.
Participants were dichotomized into high vs low socioeco-
nomic status according to whether the average income in
their home zip code is above or below the within-sample
median. Foreign students (N =48) were dropped from
these analyses.

Statistical analysis

The number of unhealthy snack items chosen is count
data, with a Poisson distribution. A likelihood ratio test
failed to reject the assumption of equidispersion (i.e., that
the conditional mean and conditional variance of the out-
come are equal; p-value = 0.38), suggesting that poisson is
preferred to a negative-binomial regression. The Vuong
test revealed no evidence of zero-inflation. Accordingly,
the assumptions of Poisson regression could not be
rejected and hence, it was the preferred model.

The Poisson regression was first conducted in the
whole sample to test the main effects of advertising. To
gain some purchase on the statistical meaning of the
differences in the effects of advertising between high-
cognitive-load and low-cognitive-load conditions two
tests were conducted. First, an advertising-cognitive-
load interaction term was added to the regressions and
its significance was tested. If the coefficient on this term
were significant, it would indicate that the analysis could
reject the null hypothesis of no effect-modification of
advertising by cognitive load.

Second, an equivalence test was conducted [39], using
a two one-sided test (TOST) with a delta of 50 kcal for the
total calories and 25% for the number of unhealthy snacks.
The purpose of an equivalence test is to determine
whether the observed point estimate, along with its entire
confidence interval, is contained within a specified margin
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around some anchor, often either zero or some other
known quantity. Unlike a statistical significance test, the
purpose of an equivalence test is to test the magnitude of
difference between an estimate and some other quantity.
In this analysis, the question is whether the effects of
advertising can be said to be of similar magnitude in a
high-cognitive-load and a low-cognitive-load condition.
Note that significant differences and equivalences are
conceptually distinct: estimates in these two conditions
could be statistically significantly different and vyet
equivalent; not statistically significantly different and yet
not equivalent; or any other combination. The equivalence
used a one-sided test of whether the interaction of cogni-
tive load and advertising was associated with a change in
either total calories or the number of unhealthy snacks of
less than 50 calories or less than 25%, respectively.

The sample was then split into sub-samples of high-
cognitive-load and low-cognitive-load, and the Poisson
regression was conducted in each sample separately to test
the effects of advertising under these distinct conditions.

Finally, as a secondary analysis, the samples were fur-
ther stratified within cognitive-load arms by socioeco-
nomic status, divided at the sample median (excluding
the foreign-born participants). Again, the Poisson regres-
sion was conducted, this time in 4 distinct sub-samples
of the data.

In each regression, the participant’s status in the food-
advertising or non-food advertising arm is the only
regressor.

The number of calories is a normally distributed
variable, but truncated on the left at zero. With this
distribution for the dependent variable, Tobit regres-
sion is indicated. As for the first outcome, the number
of calories chosen was analyzed first in a Tobit regres-
sion of the whole sample, with tests for effect modifica-
tion and equivalence (with a delta of 50 kcal), and then in
a stratified regression by cognitive load and finally in a
sub-analysis in which the sample was further stratified by
socioeconomic status.

All analyses were carried out using Stata 10.1.

Sensitivity analyses

A small number (N = 3; <1%) of the participants were ob-
served either to have written their number down when
they were asked to remember it, or recalled a number that
was substantially different than the number they had been
given. The results reported here were analyzed without
correcting for this protocol violation. However, an analysis
in which these participants were dropped (not reported
here) produced highly similar results.

Several additional analyses were conducted to test the
robustness of the results to alternative specifications.
These analyses included ordinary least squares regres-
sion instead of Poisson or Tobit, and analyses that were
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adjusted for the gender, parental SES, year in college,
foreign citizenship and past food habits of the partici-
pant. All analyses produced results that were highly
similar to those reported here.

Results

Table 1 presents the descriptive statistics of the sample.
Consistent with the randomization of the participants,
there are few meaningful differences across the groups.

Figure 1 presents the unadjusted results graphically.
The top panel reports results in terms of calories, and
the bottom panel in terms of the number of snacks
chosen. Results are broken down by individual food type,
within the categories of healthy and unhealthy food. In
the left pane is the simple comparison of food choices in
the non-food-advertising arm and the food-advertising
arm; in the right pane the effect modification by cogni-
tive load is presented. In all comparisons, more food was
taken in the food-advertising arm than in the non-food
advertising arm. For calories, most of the increase was
among the unhealthy foods, with the largest percentage
increases for soda and chips. For number of items, there
were large increases in the unhealthy foods, again with
proportionately large increases for soda and chips.
However, food advertising was also associated with an
increase in the selection of apples, and with a decrease
in selection of trailmix.

Table 2 presents a formal statistical analysis of these
results. Three models are presented: the main effect of
advertising, the effects of advertising controlling for the
set of covariates included in Table 1, and the effects of
the advertising-cognitive-load interaction. Each model is
executed for the total number of calories and the num-
ber of unhealthy snacks.

Those exposed to food advertising took a set of snacks
with 65 more calories than those exposed to non-food
advertising, and this difference is significant (p-value =
0.02; 95% CI: 10-121). Again, neither the effect modifica-
tion by cognitive load nor the equivalence test achieved
significance (p-values of 0.30 and 0.56, respectively).

Results of the Poisson estimation of the number of
unhealthy snacks are reported with exponentiated coef-
ficients, which can be interpreted as a percentage
increase relative to the reference category. The expo-
nentiated coefficient (rate ratio: RR) in the pooled
regression is 1.28 (95% CI: 1.07 — 1.53). That is, those in
the food-advertising group chose 28% more unhealthy
snacks than those in the non-food advertising group.
Neither the effect-modification of advertising by cog-
nitive load nor the equivalence test was significant
(p-values of 0.22 and 0.50, respectively). Low-income
and foreign students chose more snacks and more total
calories than non-foreign and high-income students. No
other covariates were significant, and—as expected in a
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Table 1 Descriptive statistics
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Food advertisement

Non-food advertisement

p-value of test of equality across groups

High cognitive Low cognitive High cognitive Low cognitive Food vs High vs Low
load load load load Non-food adverts cog. load

N 92 89 86 84
Female (%) 67% 72% 79% 80% 0.04 057
Foreign (%) 12% 1% 16% 15% 0.24 0.84
High Income (%) 41% 36% 47% 43% 0.25 039
Low Income (%) 45% 48% 36% 39% 0.10 051
Income missing (%) 14% 16% 17% 18% 049 0.79
Quality of diet (1-5) 2.75 263 2.85 2.74 0.25 0.20

(Standard deviation) (0.86) (0.80) 0.77) ©0.91)
Weekly Fast Food consumption 1.24 1.80 1.26 167 0.80 0.02
(times/week)

(Standard deviation) (1.47) (2.35) (1.32) (2.20)
Regular Excercise (%) 43% 56% 52% 56% 0.25 0.06
Year of expected Graduation 20146 20145 20143 20146 046 046

(Standard deviation) (1.17) (1.32) (1.25) (1.21)

“Likert scale: Excellent (5); Very Good (4); Good (3); Fair (2); Poor (1).

randomized experiment—the covariates collectively do
not moderate the main effects.

The results of the Tobit regressions of number of calo-
ries are reported in Table 3. In the low-cognitive-load
group the effect was not significant for all calories, calo-
ries from healthy foods and calories from unhealthy

foods. In the high-cognitive-load group the effect was
significant for total calories and calories from unhealthy
foods. Those in the food-advertising group chose a set
of snacks with 94 more calories than the non-food
advertising group (95% CI: 19-169); and their choice of
unhealthy foods had 107 more calories than those of the
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Table 2 Effect of food advertising on the type and quantity of food chosen

Number of calories® Number of unhealthy snacks®
Coefficient [95% Confidence intervall® Coefficient [95% Confidence intervall

Model 1: Food advertising alone

Food advertising 65 [10 - 121] 1.28 [1.07 - 1.53]
Model 2: Food advertising with additional controls®

Food advertising 67 [11 -122] 1.28 [1.07 - 1.53]

Female -2 [-66 - 62] 1.00 [0.82 - 1.23]

Foreign 211 [53 - 369] 1.99 [1.16 - 3.43]

High income 130 [-18 - 278] 144 [0.85 - 245]

Low income 178 [28 - 327] 1.80 [1.05 - 3.07]

Diet quality 19 [-17 - 54] 1.03 [092 - 1.15]

Fast food -3 [-18-12] 1.00 [0.95 - 1.04]

Regular exercise -39 [-97 - 19] 091 [0.76 - 1.10]

Year degree expected 16 [-21 - 24] 1.03 [0.95 - 1.10]
Model 3: Food advertising with interaction effect

Food advertising 36 [-43 - 114] 1.14 [0.89 - 1.47]

High cognitive load -22 [-101 - 57] 0.85 [065-1.11]

Food advertising + High cognitive load 59 [-51 - 169] 125 [0.88 - 1.79]
Equivalence tests:

Interaction < 50 kcal p-value = 0.56

Interaction effect has a rate ratio < 1.25 p-value =0.50

“Tobit regression.

PPoisson regression.

“Bolded coefficients are significant at the 5% level.
dSee Table 1 for variable definitions.

Table 3 Effect of food advertising on the number of calories chosen

All calories Healthy calories Unhealthy calories
N Coeff* p-value Coeff* p-value Coeff* p-value
[95% ClI] [95% ClI] [95% Cl]
Full sample 351 65 [10 - 121] 0.02 15 [-34 - 65] 0.55 70 [19 - 122] 0.01
Stratification by experimentally
manipulated cognitive load
Low-cognitive-load sub-sample 173 36 [-46 - 118] 0.39 15 [-57 - 88] 0.68 34 [-38 - 105] 0.36
High-cognitive-load sub-sample 178 94 [19 - 169] 0.01 15 [-53 - 83] 067 107 [33 - 181] 0.01
Sub-stratifications by parental SES
Low cognitive load
High SES 68 69 [-75 - 213] 0.34 58 [-70 - 185] 037 38 [-78 - 154] 051
Low SES 76 —45 [-153 - 63] 041 =52 [-147 - 43] 0.28 16 [-99 — 132] 0.78
High cognitive load
High SES 78 34 [-92 - 160] 0.59 28 [-79 - 134] 061 27 [-105 - 160] 0.68
Low SES 72 90 [-22 - 203] 0.11 =51 [-163 - 60] 0.36 143 [37 - 249] 0.01

*The coefficient (Coeff) is the difference in total calories chosen by those in the food advertising group from the total chosen by those in the
non-food-advertising group. [95% Confidence Intervals (Cl) in brackets].

Note: For each outcome, the results of 7 separate Tobit regressions are reported. In each regression the intervention status is the only variable. Significant results
in bold.
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non-food-advertising group (95% CI: 33-181). Accord-
ingly, all of the additional calories associated with food
advertising were from unhealthy foods.

The secondary stratified analyses using socioeconomic
status revealed no statistically significant results, except
that below-median-SES participants in the high-cognitive-
load plus food-advertising arm chose snacks with 143
more calories than those in the high-cognitive-load plus
non-food-advertising arm (95% CI: 37-249).

Stratified results of the Poisson regressions of the total
number of snacks, unhealthy snacks, and healthy snacks
are presented in Table 4. In the low-cognitive-load group,
the effect of food advertising is not significant for all
snacks, healthy snacks and unhealthy snacks. In the
high-cognitive-load group, those exposed to food advertis-
ing chose 28% more total snacks and 43% more unhealthy
snacks (rate ratio 95% CIs: 1.07-1.54 and 1.11 - 1.85,
respectively). The effect on healthy snacks was not
significant.

The secondary analyses further stratifying these results
by parent socioeconomic status revealed a significant
effect among those in the high-cognitive-load group with
below-sample-median income. In this group, the effect
of food advertising was an 84% increase in the number
of unhealthy snacks chosen (rate ratio 95% CI: 1.22 —
2.78), and this effect was significantly different than among
the above-sample-median group. Those in the high-
cognitive-load group with above-median SES had in-
creases of 46% and 81%, respectively, in the number of
snacks overall and the number of healthy snacks chosen
(95% CIs” 1.10-1.95 and 1.20-2.71, respectively). The
effect of food advertising was not significant in all other
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groups, and there were no other significant effect modi-
fications by SES in any of the other regressions.

Discussion

There is a clear qualitative difference between the high-
cognitive-load group, for whom advertising has a large
and statistically significant effect, and the low-cognitive-
load group, for whom advertising has a smaller, and sta-
tistically insignificant effect. These differences appear to
be magnified by the participant’s socioeconomic status,
with low-SES individuals more susceptible to the effects
of advertising than high-SES individuals.

These study results are similar to those found in Harris,
Bargh, and Brownell (2009), which included 4 food adver-
tisements (20 seconds each, as opposed to 3, 30-second
advertisements here). Although the coding of the outcome
in the two studies was too different to permit a direct
comparison, the Harris et al. study found that those in the
food-advertising group consumed 0.44 standard deviations
more than in the control group, an effect of a broadly
similar magnitude to that estimated here.

We are unaware of any study in the literature that
examines whether the effect of advertising can be en-
hanced by cognitive load. Two studies have noted an
interaction between restrained eating and either cognitive
load [31] or advertising [9] on increased calorie choice in
experimental settings. Another study found that emotional
setbacks like a favorite sports team losing an important
match can trigger overeating [40].

Our results suggest that the conjoint presence of both
heavy cognitive load and food advertising might lead to
significantly worse food choices. Other research has

Table 4 Effect of food advertising on the number of snacks chosen

All snacks

Healthy snacks Unhealthy snacks

N Rate ratio* [95% Cl]  p-value Rate ratio* [95% ClI] p-value Rate ratio* [95% CI]  p-value
Full sample 351 1.23 [1.09 - 1.40] 0.01 1.19 [1.00 - 1.42] 0.06 1.28 [1.07 - 1.53] 0.01
Stratification by experimentally
manipulated cognitive load
Low-cognitive-load Sub-sample 173 1.18 [0.99 - 1.41] 0.06 1.22 [0.96 - 1.57] 0.11 1.14 [0.89 - 147] 0.29
High-cognitive-load Sub-sample 178 1.28 [1.07 - 1.54] 0.01 1.15 [0.89 - 1.48] 028 1.43 [1.11 - 1.85] 0.01
Sub-stratifications by parental SES
Low cognitive load
High SES 68 1.46 [1.10 - 1.95] 0.01 1.81[1.20 - 2.71] <0.01 1.18 [0.78 - 1.77] 044
Low SES 76 095 [0.73 = 1.23] 0.70 0.88 [0.61 - 1.27] 050 1.02 [0.71 = 147] 0.90
High cognitive load
High SES 78 1.15[0.87 - 1.52] 0.32 1.29 [0.88 - 1.88] 0.19 1.01 [067 - 1.52] 0.59
Low SES 72 1.26 [0.95 - 1.68] 0.11 0.84 [0.56 - 1.27] 041 1.84 [1.22 - 2.78] <0.01

*Ratio of unhealthy snacks chosen by those in the food-advertising group to those in the non-food-advertising group.

Note: For each outcome, the results of 7 separate Poisson regressions are reported. In each regression the intervention status is the only variable. Coefficients

can be interpreted as the percentage increase in number of unhealthy snacks chosen in the food advertising group over the number chosen in the non-food
advertising group (i.e.,, 1.28 implies that the food-advertising group chose an average of 28% more unhealthy snacks than non-food advertising group). Significant
results are in bold.
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shown people often watch television while distracted in
some way, for example by multi-tasking. To the extent
that such multi-tasking induces cognitive load, the
research here suggests that it may exacerbate the effects
of advertising. In addition, evidence suggests that televi-
sion viewing in childhood and adolescence has sustained
effects into adulthood [13,41]. If low-SES children are
more likely to be exposed to television advertising for
obesigenic foods, the longevity of the effect may explain
some of the results here. Participants’ prior exposure to
food marketing was not assessed here, and this is a limi-
tation of the present research.

Food advertising is much discussed in the public health
literature, but most of the popular discussion around food
advertising seems to focus on children [14,42-44], while
scant attention is paid to adults. This study contributes to
a very small but important body of literature that suggests
that the effects of advertising are not limited to children.

The results of this study reinforce the research con-
sensus that advertising is a potent force in food choice.
Americans tend to resist calls for restrictions on market-
ing by invoking values around freedom. Yet it is worth
closely examining the meaning of free choice [45]. In
this experiment all participants were equally free to choose,
and yet the study authors were able to manipulate this
freedom, influencing choices through experimental con-
ditions. In the world outside the lab, choices can also be
manipulated [46]. Carefully studied experience from a ban
on advertising to children in Québec shows that such a
ban is effective in promoting healthier eating [47].

Previous research has found that those of low socio-
economic status may be especially likely to suffer from
stress [48-50]. For example, one recent study in which
race/ethnicity was strongly correlated with education
and income, found that African-Americans had experi-
enced an average of 1.92 stressors and American-born
Latinos 1.90, against only 1.12 events for Whites [51]. It
may be that the daily hassles and stressors experienced
by minority and low-income communities operate in a
similar way to the experimentally induced cognitive load
described here. If so, that would suggest that people so
exposed might be more than usually susceptible to the
effects of food advertising.

Eating behavior is strongly influenced by cultural and
environmental factors [52]. The results presented here
raise the possibility that food marketing may be more
potent in low-income neighborhoods than in high-income
ones. Future research should attempt to replicate and
extend this research to further examine patterns related to
cognitive burden and socioeconomic factors.

Limitations
Participants in this study were all students at a top-ranked
university, which may limit the external generalizability of
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the study. UCLA is one of the most ethnically and eco-
nomically diverse universities in the country [53] and has
the highest proportion of students receiving Pell Grants of
any major university, an important indicator of economic
diversity [54]. All the same, many of the results on food
choice obtained to date have been conducted among
college students, and research in the community would
enhance confidence in the generalizability of the results.

Socioeconomic status in this study was measured by a
proxy of parental zip code, which is clearly an imperfect
measure. In the US, a zip code includes approximately
7,000-10,000 people. Because housing costs in the US
tend to follow geographic patterns, zip codes tend to
have some degree of economic homogeneity. Yet this
homogeneity is not absolute, and there can be variations
of income within zip code. In this data set the standard
deviation of parental SES as measured by zip code proxy
was 38% of the mean. This measure was used because
the socioeconomic status of college students is hard to
operationalize. An advantage of replicating these results
in the community would be the ability to capture more
reliable measures of socioeconomic status.

This research is motivated by the possibility that
chronic cognitive load enhances the effect of chronic
exposure to food advertising. Yet in the confines of this
experiment neither chronic cognitive load nor chronic
exposure to food advertising could be experimentally
manipulated. It could be that the effects of chronic
exposures are either greater or lesser than the very brief
and relatively small doses manipulated in this experi-
ment. Given how pervasive and profound both cognitive
load and food advertising are in American society, other
methods besides experimental manipulation will be
necessary to tease out the causal roles and interactions
of these two factors on eating behaviors.

Conclusion

“Marketing works”. These opening words of the Institute
of Medicine’s report on food marketing to children [14]
apply to adults as well as to children. These study results
raise the possibility that food marketing may have dispar-
ate effects across different populations, disproportionately
influencing the eating behaviors of some of the most
vulnerable subgroups and potentially contributing to
disparities in diet and in related health outcomes.

Additional file

[ Additional file 1: Movie and Advertisement Sequence. ]

Abbreviations
SES: Socio-economic status; RR: Rate ratio; Cl: Confidence interval.

Competing interests
Both authors declare that they have no competing interests.


http://www.biomedcentral.com/content/supplementary/1471-2458-14-342-S1.docx

Zimmerman and Shimoga BMC Public Health 2014, 14:342
http://www.biomedcentral.com/1471-2458/14/342

Authors’ contributions

FZ conceived the idea for the research. SS and FZ together designed the
specific aspects of the study protocol. SS recruited the participants and
conducted the experiments. SS prepared and cleaned the data, and FZ
conducted the analyses. SS reviewed the analyses. Both FZ and SS drafted
the final document. Both authors read and approved the final manuscript.

Acknowledgements
We are grateful to an endowment of Fred W. and Pamela K. Wasserman for
supporting my research, including this study.

Received: 12 December 2013 Accepted: 3 April 2014
Published: 10 April 2014

References

1.

2.

20.

21.
22.

23.

Zimmerman FJ: Using marketing muscle to sell Fat: the rise of obesity in
the modern economy. Annu Rev Public Health 2011, 32:285-306.

Chandon P, Wansink B: Does food marketing need to make us fat?

A review and solutions. Nutr Rev 2012.

Gallo AE: The Food Marketing System In 1996. In Agriculture Information
Bulletin; 1998.

Moss M: The extraordinary science of addictive junk food. N Y Times 2013,
20(Magazine):22.

Fox MK, Gordon A, Nogales R, Wilson A: Availability and consumption of
competitive foods in US public schools. / Am Diet Assoc 2009,
109(2):557-566.

Nielsen SJ, Popkin BM: Patterns and trends in food portion sizes,
1977-1998. Jama 2003, 289(4):450.

Young LR, Nestle M: The contribution of expanding portion sizes to the
US obesity epidemic. Am J Public Health 2002, 92(2):246-249.

Sutherland LA, MacKenzie T, Purvis LA, Dalton M: Prevalence of food and
beverage brands in movies: 1996-2005. Pediatrics 2010, 125(3):468-474.
Harris JL, Bargh JA, Brownell KD: Priming effects of television food
advertising on eating behavior. Health Psychol 2009, 28(4):404-413.
Federal Trade Commission: Marketing Food to Children and Adolescents:
a Review of Industry Expenditures, Activities, and Self-Regulation.
Washington, DC: FTC; 2008.

Batada A, Seitz MD, Wootan MG, Story M: Nine out of 10 food
advertisements shown during saturday morning Children’s television
programming Are for foods high in Fat, sodium, or added sugars, or
Low in nutrients. J Am Diet Assoc 2008, 108(4):673-678.

Harrison K, Marske AL: Nutritional content of foods advertised during the
television programs children watch most. Am J Public Health 2005,
95(9):1568-1574.

Zimmerman FJ, Bell JF: Associations of television content type and obesity
in children. Am J Public Health 2010, 100(2):334-340.

McGinnis JM, Gootman JA, Kraak VI: Food Marketing to Children and
Youth: Threat or opportunity/Institute of Medicine: Committee on Food
Marketing and the Diets of Children and Youth. Washington, DC: National
Academies Press; 2006.

Chang HS, Green R: The effects of advertising on food demand elasticities.
Can J Agric Econ/Revue canadienne dagroeconomie 1989, 37(3):481-494.

Ward RW, Dixon BL: Effectiveness of fluid milk advertising since the dairy
and tobacco adjustment Act of 1983. Am J Agric Econ 1989, 71(3):730-740.
Brester GW, Schroeder TC: The impacts of brand and generic advertising
on meat demand. Am J Agric Econ 1995, 77(4):969-979.

Kinnucan HW, Xiao H, Hsia C-J, Jackson JD: Effects of health information
and generic advertising on US meat demand. Am J Agric Econ 1997,
79(1):13-23.

Baumeister RF: Yielding to temptation: self control failure, impulsive
purchasing, and consumer behavior. J Consum Res 2002, 28(4):670-676.
Baumeister RF, Muraven M, Tice DM: Ego depletion: a resource model of
volition, self-regulation, and controlled processing. Soc Cogn 2000,
18(2):130-150.

Kahneman D: Thinking, fast and slow. New York: Farrar Straus & Giroux; 2011.
Neal DT, Wood W, Labrecque JS, Lally P: How do habits guide behavior?.
Journal of Experimental Social Psychology: Perceived and actual triggers of
habits in daily life; 2011.

Ariely D: Predictably Irrational: The Hidden Forces That Shape Qur Decisions.
2nd edition. New York: Harper; 2009.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

Page 9 of 10

Loewenstein G: Emotions in economic theory and economic behavior.
Am Econ Rev 2000, 90(2):426-432.

Cohen D, Farley TA: Eating as an automatic behavior. Prev Chronic Dis
2008, 5(1):A23.

Wansink B, Kim J: Bad popcorn in big buckets: portion size can influence
intake as much as taste. J Nutr Educ Behav 2005, 37(5):242-245.

Painter JE, Wansink B, Hieggelke JB: How visibility and convenience
influence candy consumption. Appetite 2002, 38(3):237-238.

Chandon P, Wansink B: The Biasing Health Halos of Fast-Food Restaurant
Health Claims: Lower Calorie Estimates and Higher Side-Dish
Consumption Intentions. J Consum Res 2007, 34(3):301-314.

Wansink B, Chandon P: Can” low-fat” nutrition labels lead to obesity?

J Mark Res 2006, 43(4):605-617.

Shiv B, Fedorikhin A: Heart and mind in conflict: The interplay of affect
and cognition in consumer decision making. J Consum Res 1999,
26(3):278-292.

Ward A, Mann T: Don’t mind if | do: disinhibited eating under cognitive
load. J Pers Soc Psychol 2000, 78(4):753-763.

Lattimore P, Maxwell L: Cognitive load, stress, and disinhibited eating.
Eat Behav 2004, 5(4):315-324.

Lesser LI, Zimmerman FJ, Cohen DA: Outdoor advertising, obesity, and
soda consumption: a cross-sectional study. BMC Public Health 2013,
13(1):20.

Yancey AK, Cole BL, Brown R, Williams JD, Hillier A, Kline RS, Ashe M, Grier
SA, Backman D, McCarthy WJ: A Cross-Sectional Prevalence Study of
Ethnically Targeted and General Audience Outdoor Obesity-Related
Advertising. Milbank Q 2009, 87(1):155-184.

Powell LM, Slater S, Mirtcheva D, Bao Y, Chaloupka FJ: Food store availability
and neighborhood characteristics in the United States. Prev Med 2007,
44(3):189-195.

Morland K, Wing S, Diez Roux A, Poole C: Neighborhood characteristics
associated with the location of food stores and food service places.
Am J Prev Med 2002, 22(1):23-29.

Kwate NOA, Yau C-Y, Loh J-M, Williams D: Inequality in obesigenic
environments: fast food density in New York City. Health Place 2009,
15(1):364-373.

Drewnowski A, Rehm CD, Solet D: Disparities in obesity rates: analysis by
ZIP code area. Soc Sci Med 2007, 65(12):2458-2463.

Walker E, Nowacki AS: Understanding Equivalence and Noninferiority
Testing. J Gen Intern Med 2010, 26(2):192-196.

Cornil Y, Chandon P: From fan to fat? Vicarious losing increases unhealthy
eating, but self-affirmation is an effective remedy. Psychol Sci 2013,
24(10):1936-1946.

Barr-Anderson DJ, Larson NI, Nelson MC, Neumark-Sztainer D, Story M:
Does television viewing predict dietary intake five years later in high
school students and young adults? Int J Nutr Phys Act 2009, 6(7).
Goldberg ME: A quasi-experiment assessing the effectiveness of TV
advertising directed to children. J Mark Res 1990, XXVII(November):445-454.
Graff S, Kunkel D, Mermin SE: Government can regulate food advertising
to children because cognitive research shows that it is inherently
misleading. Health Aff 2012, 31(2):392-398.

Hawkes C, Lobstein T: Regulating the commercial promotion of food to
children: a survey of actions worldwide. Int J Pediatr Obes 2011, 6(2):83-94.
Zimmerman FJ: Habit, custom, and power: A multi-level theory of
population health. Soc Sci Med 2013, 80:47-56.

Marks JH: Objects closer than they appear: regulating health-based
advertising of food. Am J Bioeth 2013, 13(5):23-25.

Dhar T, Baylis K: Fast-food consumption and the ban on advertising
targeting children: the Quebec experience. J Mark Res 2011,
48(5):799-813.

Hatch SL, Dohrenwend BP: Distribution of traumatic and other stressful
life events by race/ethnicity, gender, SES and age: a review of the
research. Am J Community Psychol 2007, 40(3-4):313-332.

Pearlin LI: The sociological study of stress. J Health Soc Behav 1989,
30:241-256.

Aneshensel CS: Toward explaining mental health disparities. J Health Soc
Behav 2009, 50(4):377-394.

Sternthal MJ, Slopen N, Williams DR: Racial disparities in health. Du Bois
Rev Soc Sci Res Race 2011, 8(01):95-113.

Wansink B, Payne CR, Chandon P: Internal and external cues of meal
cessation: The French paradox redux? Obesity 2012, 15(12):2920-2924.



Zimmerman and Shimoga BMC Public Health 2014, 14:342 Page 10 of 10
http://www.biomedcentral.com/1471-2458/14/342

53.  US News: Campus Ethnic Diversity. In US News & World Report; 2013.
http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/
national-universities/campus-ethnic-diversity, accessed 2/25/13.

54, US News: Economic Diversity Among the Top 25 Ranked Schools. In US
News & World Report; 2013. http://colleges.usnews.rankingsandreviews.com/
best-colleges/rankings/national-universities/economic-diversity-among-top-
ranked-schools, accessed 2/25/13.

doi:10.1186/1471-2458-14-342

Cite this article as: Zimmerman and Shimoga: The effects of food
advertising and cognitive load on food choices. BMC Public Health
2014 14:342.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/national-universities/campus-ethnic-diversity
http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/national-universities/campus-ethnic-diversity
http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/national-universities/economic-diversity-among-top-ranked-schools
http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/national-universities/economic-diversity-among-top-ranked-schools
http://colleges.usnews.rankingsandreviews.com/best-colleges/rankings/national-universities/economic-diversity-among-top-ranked-schools

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample
	Procedures
	Variables
	Statistical analysis
	Sensitivity analyses

	Results
	Discussion
	Limitations

	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


