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Obesity rates in the United States, having risen
dramatically beginning in the 1980s,1 began
to level off about a decade ago,2 albeit at the
high rate of about one third of the population.3

Obesity increases the risk of chronic conditions
such as diabetes and heart disease,4 accounting
for an estimated 5% to15% of annual deaths5,6

and $150 billion in annual health care costs
in the United States.7 Such statistics have led
policymakers to take a closer look at potential
causes of, and opportunities for legislative re-
sponse to, the obesity epidemic.

Restaurant meals are a natural target for
policy interventions aimed at combating obe-
sity. They have accounted for a growing frac-
tion of calorie intake over time,8 and at the
individual level, obesity is positively associated
specifically with patronage of fast-food restau-
rants. These restaurants, which are especially
popular with low-income individuals, who have
a higher risk of obesity, encourage additional
calorie consumption by promoting larger meals
at minimal additional marginal cost.9,10 Al-
though existing regulations require such res-
taurants to make calorie information available
to customers, few customers seek out the in-
formation.11

To encourage use of calorie information by
diners, several states and municipalities have
introduced regulations that mandate posting of
calorie information on the menus and menu
boards of chain restaurants.12 New York City
(Amended Health Code §81.50 2007); King
County, Washington State (HB 3160 2008);
Philadelphia, Pennsylvania (City Council Bill
080167 2008); San Francisco, California (Or-
dinance No. 40---08 2009); California State
(SB1420 2008); and Oregon (HB 2726 2009)
have all implemented mandatory calorie-
posting regulations, and nationwide regulations
will soon go into effect as part of recent health
care reform legislation (Pub L No. 111-148).

Existing literature on calorie labeling pro-
vides a mixed picture, at best, of its impact.
Despite some promising laboratory studies,13

repeated and well-powered tests of menu
labeling in situ have not been encouraging.
Although consumers’ estimates of how many
calories their meals contain improve,14 and
those who report using labels tend to choose
lower-calorie meals than those who report not
using them,15,16 population-wide behavior has
been found to respond little if at all to calorie
posting.16---21

One commonly proposed reason for the
apparent failure of menu labeling to change
behavior, leading to a natural prescription
for how to improve the effectiveness of such
labeling, is that people lack guidelines about
recommended calorie intake that could help
them interpret the labels.22 Articulating such
concerns, a year after introducing mandatory
calorie posting, New York City augmented the
policy with a campaign publicizing daily calorie
recommendations.23 Going a step further, the
mandatory calorie posting associated with
national health care reform includes a re-
quirement for restaurants to post daily recom-
mended calories directly on menus. In the
laboratory, a recommendation for daily calorie

intake presented with dinner menus has been
shown to reduce self-reported compensatory
eating later in the evening,24 and in a field
experiment it directly reduced meal calories
when presented during meal choice.25 How-
ever, although both studies observed a direct
effect of recommendations, neither found
a significant interaction between calorie label-
ing and calorie recommendations, suggesting
that the recommendation did not facilitate use
of labels. Moreover, in the field study, the
recommendation affected calorie intake by
normal-weight restaurant patrons but had no
impact on overweight diners.25

We examined whether providing calorie
recommendations altered the impact of calorie
posting on the calories purchased. Specifically,
we explored the effectiveness of providing 1
of 2 levels of calorie recommendation, either
the recommended number of calories per meal
or the recommended number of calories per
day. Our study was an experimental manipu-
lation of the presence and type of calorie
recommendation, embedded in a pre---post
field study of New York City’s calorie-labeling
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regulations on consumer food purchases at 2
McDonald’s restaurants.21We were interested
in whether, consistent with earlier research,
receiving such information at the point of
purchase would affect calories purchased re-
gardless of whether calorie information was
posted or would interact with the menu label-
ing by aiding consumers in using the posted
information. We considered not only the stan-
dard daily recommendation, but also recom-
mended intake for the meal (lunch), in accor-
dance with the mandate by the National School
Lunch Act that school lunches provide at least
one third of the daily recommended dietary
allowances for key nutrients. We reasoned that
meal rather than daily calorie recommenda-
tions might be more directly relatable, and
hence more useful, in guiding decisions
involving a single meal.

METHODS

We collected data within 2 months prior
to and following implementation of menu-
labeling regulations in 2008, as part of a larger
study.21We embedded an experimental ma-
nipulation of calorie recommendations into
both prelabeling (n = 624) and postlabeling
(n = 497) data collection. We collected all data
prior to the launch of the city’s later campaign
to promote daily calorie recommendations,
which began in 2009.

Participants were 1121 adult (aged ‡ 18
years) lunchtime customers of 2 McDonald’s
restaurants, one in Manhattan and another in
Brooklyn. The experimental manipulation
encompassed 3 arms, to which we randomly
assigned participants. Customers approaching
the restaurant were (1) handed a slip that
showed recommended daily calories (2000 for
women or 2400 for men26), (2) handed a slip
with recommended per-meal calories (650
or 800), or (3) given no recommendation
(control condition). The information consisted
of a simple, short statement, with a second-
grade Flesch---Kincaid reading level and a
Flesch reading ease index of 100%.27 We
asked all entering customers to retain their
receipt for participation in an exit survey, and
the recommendation slips advised participants
to return the slip, providing a rough indica-
tion of information delivery. To minimize
potential contamination effects of customers

seeing recommendations other than the one
they were assigned to, we conducted the 3
recommendation conditions in 2-hour blocks
of time, counterbalanced across days and sep-
arated by short periods in which stray recom-
mendation slips were removed from the site.
Because we collected all data during lunchtime
hours, only 2 experimental conditions could be
implemented on any given day. Exiting cus-
tomers were invited to complete a survey and
provide their receipt, for which they were paid
$5. People dining together might have been
influenced by their companions’ orders, an
effect that we could not control for. However,
by implementing the recommendation manip-
ulation in blocks of time, we ensured that
dining partners were always randomized to
the same condition.

The survey asked participants to estimate
their meal’s calories and how many calories
they thought “a doctor or nutritionist would
recommend that you should eat for your daily
diet” and to report whether they had looked
at the calorie information on the menu and
taken it into consideration when ordering, both
on 7-point scales. Five participants (0.5%)
gave responses more than 3 SDs above the
mean daily recommendation (between 6000
and 25 000 calories), giving this variable high
skew (F (1,1066) = 102.12) and high kurtosis
(F (1,1066) = 841.69). We omitted these 5
participants from analyses examining estimated
recommended daily calories, reducing this
variable’s skew (F (1,1061) = 3.53), and
kurtosis (F (1,1061) = –3.49).

Demographic questions were age, gender,
race, home zip code (used to estimate house-
hold income), weight and height (to calculate
body mass index, defined as weight in kilo-
grams divided by height in meters squared),
and whether the respondent was currently
dieting. We calculated individualized daily
caloric recommendations for each participant
with Mifflin---St Jeor equations,28 assuming
a sedentary lifestyle and subtracting 500 calo-
ries for participants who indicated that they
were dieting (a typical recommended reduction
level, aiming for 1 pound of weight loss per
week). About 3% of participants declined to
state their age or gender; 12% to 13% declined
to provide height, weight, dieting status, or zip
code; and 26% did not provide their racial
or ethnic group. We excluded participants with

missing data only from analyses that used the
missing variables, with the exception of race.

After participants completed the survey, a
researcher examined their restaurant receipt,
looking for discrepancies and ambiguous en-
tries, which were then resolved through con-
sultation with the participant. For example, if
a receipt contained items purchased for more
than 1 customer, we annotated it to indicate
who ordered each item. We calculated total
calories for each meal item, including alter-
ations (e.g., no cheese), with online, company-
provided nutritional information. We excluded
data for 27 participants (2.4%) who were
missing important meal information (e.g.,
whether a soda was diet) that made it impos-
sible to calculate the calories in their meal,
leaving a total sample of 1094 persons.

We conducted simple correlations to deter-
mine which demographic and environmental
variables correlated with total meal calories
and thus should be controlled for. All findings
remained at the same significance level irre-
spective of whether covariates were included.
We incorporated these findings into an ordi-
nary least squares linear regression to predict
total meal calories from (1) calorie posting, (2)
provision of either daily or per-meal recom-
mendation, (3) a dummy variable for per-meal
recommendation, and (4) study site (Brooklyn=1).
We controlled for data collection on
Friday, female gender, African American race,
and age, all covariates that emerged as signif-
icant correlates with the main outcome mea-
sure. Participants who declined to report their
race were retained in the analysis, with values
set to zero for that variable. A second model
added the 2-way interaction terms of calorie
posting with calorie recommendation (to test
the hypothesized facilitation effect of recom-
mendations), with per-meal recommendation,
and with study site, as well as the interaction
terms of study site with calorie recommenda-
tion and with per-meal recommendation. (We
included study site as a covariate because of its
strong interaction with the effect of menu
labeling.) We conducted a series of linear and
logistic regressions with these same predictors
to explore their impact on components of the
meal and perceptions of its calories as well
as the accuracy of participants’ personalized
estimates of daily recommended calories. Re-
gressions also tested whether any effects that
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emerged interacted with weight; we split the
sample into overweight or obese (body mass
index ‡ 25 kg/m2) versus normal or under-
weight (body mass index < 25 kg/m2) to deter-
mine whether the effects might be stronger or
weaker for overweight individuals, who pre-
sumably need intervention the most. (Full re-
gression tables are in Appendix A, available as a
supplement to this article at http://www.ajph.org.)

RESULTS

The sample ranged in age from 18 to 89
years (mean = 36 years; SD = 14 years).
Table 1 presents a detailed breakdown of
demographic categories, along with mean

calories purchased. We additionally compared
participants who purchased what appeared to
be their lunch against those merely buying a
drink or a dessert (who might have been adding
this purchase to a lunch acquired elsewhere).
This variable did not interact with our ran-
domized recommendation treatment, nor did it
change our results, so we did not include it in
any subsequent analyses. However, for inter-
pretation of mean caloric intake it is important
to note that among participants who purchased
a meal, more than half exceeded the recom-
mended caloric intake according to our guide-
lines: meals purchased by women averaged
824 calories and by men, 890 calories. About
one third of our entire sample purchased meals
with more than 1000 calories.

Recommendations

More than two thirds of recommendation
slips were returned, indicating that participants
paid fairly good attention to their written
content. Calories ordered did not differ be-
tween those who did and did not return the
slips. Our intent-to-treat approach incorporated
all participants in their assigned condition.
Further evidence that the recommendation
information was generally understood came
from its effect on estimated daily calorie intake
guidelines. Participants randomized to receive
a recommendation had less error in their
estimates of their own daily recommended
calorie intake, as a function of the absolute
difference between their estimates and the
individualized calculated recommendation
(mean error = 759) than control participants
(mean error = 954; P= .001) and participants
who received the per-meal recommendation
(mean error = 891; P= .009). (The full re-
gression is shown in Table A, available as
a supplement to this article at http://www.ajph.
org.) This relative improvement provides a ma-
nipulation check for delivery of the recom-
mendation. Not surprisingly, the meal recom-
mendation did not improve estimates of daily
guidelines (P = .519). Consistent with previous
work showing that people tend to underesti-
mate their recommended daily calorie in-
take,14,25 we found that participants who re-
ceived daily calorie target information gave
higher estimates than did those who received
no recommendation (1608 vs 1168 for men;
1369 vs 1147 for women), rather than lower

as would have been expected if people tended
to overestimate recommended calorie intake.

Providing a calorie recommendation did not
appear to alter the use of posted calorie in-
formation: we detected no significant interac-
tion between the recommendation and calorie
posting (P= .74; Table 2). We also found no
interaction between calorie posting and the
per-meal recommendation or any main effect of
the per-meal recommendation. A trend that
approached significance (P= .07) suggested that
the calorie recommendations might have a di-
rect effect on purchases, although it was in the
opposite direction from what would be desired.

The recommendation is intended to guide
those who are purchasing a meal, but 18% of
participants (n = 195) were only purchasing
a drink and thus might not be expected to
respond to the recommendations. However,
even excluding these participants, no interac-
tion emerged between calorie posting and the
recommendation (P= .81). Figure 1 depicts the
marginal means for meal calories purchased
across the 3 recommendation conditions, be-
fore and after calorie posting.

Explanatory Analyses

Although the tendency for customers to
order more when presented with calorie rec-
ommendations was not statistically significant,
we considered the unexpected tendency for
recommendations to backfire to be worthy of
exploration. The comparisons with which we
investigated this effect were, however, un-
planned and should be interpreted with caution
in light of the large number of statistical tests.

First, although calorie recommendations did
not help overall, they could be seen as benefi-
cial if they selectively led overweight people
to either consume fewer calories (which would
lead to a 2-way interaction between weight
status and recommendations) or to use calorie
labels more effectively (which would manifest
as a 3-way interaction between weight status,
labeling, and recommendation), even if they
had a small or even negative impact on
normal-weight people. When we entered
weight status into the regression model (Table
B, available as a supplement to this article at
http://www.ajph.org), a main effect emerged
such that overweight people ordered 68
more calories than normal-weight people
(t(892) = 2.25; P= .03), and the detrimental

TABLE 1—Descriptive Statistics of

Participants in Study of Reactions to

Menu Labeling and Calorie

Recommendations: New York City,

2008

Characteristic No. (%) Calories

Sample (excluding missing data) 1094 765

Type of purchase**

Drink or dessert only 195 (18) 355

Any lunch food 899 (82) 854

Gender

Men 476 (44) 756

Women 585 (53) 766

Not reporteda 33 (3) 756

Race/ethnicity**

African American 393 (36) 814

Asian 41 (4) 739

Hispanic 158 (14) 807

Whiteb 170 (16) 624

Multiple selected 20 (2) 906

Other 28 (3) 888

Not reporteda 284 (26) 740

BMI,* kg/m2

£ 25 405 (37) 730

> 25 538 (49) 797

Not reporteda 151 (14) 747

Note. BMI = body mass index.
aObservations with unreported values were excluded
from these analyses.
bIn posthoc tests with a Sidak correction, White
participants were significantly different from African
Americans, Hispanics, and participants reporting
multiple categories (P < .05). No other posthoc
comparisons were statistically significant.
*P < .05; **P < .01.
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main effect of the recommendation again
approached significance (P= .06). Overweight
status did not interact with the recommendation
(P= .98), nor was there a 3-way interaction
between overweight status, recommendation,
and labeling (P= .47), suggesting that any effects
of the recommendation were similar for
normal-weight and overweight participants.

Next we explored whether the recommen-
dation affected individual components of the
meal or facilitated use of calorie labels differ-
entially for different parts of the meal. Table 3
reports means of meal components before and
after menu labeling went into effect, with and
without a recommendation provided; the sig-
nificance level of the main effect of the rec-
ommendation and its interaction with calorie
posting are shown. The only effect to emerge
was a main effect of calorie recommendation
on entrée calories: participants who received a
recommendation purchased entrées with 49
additional calories (t(1027) = 2.20; P= .028).

Finally, we tested whether the recommen-
dation enhanced the impact of menu labeling
on customers’ beliefs about the calories in their
meal. (On average, customers underestimated
the calories in their meals in all conditions.) The
calorie recommendations had a direct effect
on estimated calories: recipients of a recom-
mendation gave higher estimates of the calories
in their meal (t(943) = 3.34; P= .001), but no
interaction emerged between recommendation
and menu labeling (t(938) < 1). This increase in
estimation did not translate into any effect for
estimation error (t(943) < 1), suggesting that
participants may have been aware that they
were ordering meals that were larger (although
the difference was only marginally significant)
when they received the recommendation.

DISCUSSION

Providing calorie recommendation
benchmarks—such as calories per day or

calories per meal—did not reduce calories
purchased, nor did it appear to help partici-
pants to better use the calorie information
posted on menus. In fact, we found some
evidence that recommendations may even
have promoted purchase of higher-calorie
items. One might speculate that the recom-
mendation provided an anchor against which
to judge the main meal component (the entrée,
such as a burger or other sandwich). The fact
that many popular entrées are below the
recommended guidelines (e.g., a Big Mac con-
tains 570 calories) may provide a false sense
of staying within the calorie allowance, which
could license larger purchases and allow con-
sumers to ignore the calorie load of other
components of the meal, which would push the
meal total beyond the recommended amount.

These results provide little hope that calorie
recommendations will salvage the apparent
weak or nonexistent effect of menu labeling
in the field. As with previous research,25 pro-
viding a recommendation appeared to have its
own, direct effect on consumption rather than
making it easier for participants to use calorie
information. In that study, the main effect was
a beneficial one that seemed to be driven by
the increased attention to the need to watch
calories and was limited to normal-weight
participants.25 It is unclear why the effects in
our study tended to be in the opposite di-
rection, but perhaps it is relevant that the dif-
ferent restaurant chains used in these 2 studies
(McDonald’s in our study and Subway in
Wisdom et al.) have different reputations for
healthful fare, and, as a result, may attract
different clientele. Interestingly, both studies
found that recommendations tend to increase
estimates of calorie allowances, further calling
into question the anticipated value of providing
this information. It is important to note, how-
ever, that in neither study did calorie recom-
mendations facilitate use of menu labeling.

Limitations

Our study was subject to constraints similar
to those of other field studies of menu-labeling
legislation. We studied only customers pa-
tronizing fast-food establishments and did not
measure whether participants consumed all
purchased calories or whether their consump-
tion later in the day changed. Our manipulation
of the calorie recommendation was somewhat

TABLE 2—Regressions Predicting Number of Calories Purchased, Testing Main Effects and

Interactions Among Fast-Food Consumers Who Received a Per-Meal or Per-Day Calorie

Recommendation or No Recommendation, Before and After the 2008 Implementation of

Calorie Labeling in New York City

Variable

Model 1:

Main Effects, Calories (SE)

Model 2:

Interactions, Calories (SE)

Constant 743.15** (49.08) 704.59** (56.52)

Calories posted 17.74 (28.20) 103.97a (58.30)

Either recommendationb 61.44a (34.22) 49.79 (53.19)

Per-meal recommendationc –20.05 (33.07) 26.81 (51.45)

Brooklyn 83.61** (28.67) 172.53** (57.43)

Friday 30.37 (27.82) 35.63 (27.84)

Women –10.34 (28.33) –11.24 (28.36)

African American 63.64* (29.47) 57.32a (29.64)

Age –2.77** (0.99) –2.73** (0.99)

Calories posted · either recommendation 22.68 (69.51)

Calories posted · per-meal recommendation –72.17 (67.00)

Calories posted · Brooklyn –166.08** (56.66)

Brooklyn · either recommendation –1.48 (69.62)

Brooklyn · per-meal recommendation –39.82 (67.03)

Model statistics

Omnibus F test F (8,1027) = 3.59 F(13,1022) = 2.99

R2 0.027 0.037

Note. The sample size was n = 1036.
aData approached significance at P < .1.
bDummy code comparing the presence of either of the 2 calorie recommendation conditions to the control condition.
cDummy code comparing the per-meal recommendation to either of the other conditions.
*P < .05; **P < .01.
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artificial, consisting of a very conspicuous slip
of paper given to customers in the recommen-
dation conditions; it is not known whether
other methods for providing a recommenda-
tion (e.g., posting on menus) would have

a different effect or whether repeated exposure
to this information would increase the effect
over time.

It may be worth considering other strategies
for promoting the use of posted calorie

information. For example, in a pilot study we
found that consumers were more likely to use
calorie information when options were orga-
nized into a simple, ordered list. By contrast,
changing behavior through daily calorie rec-
ommendations would require consumers to
perform fairly complex analyses, comparing the
current meal to consumption behavior earlier
in the day and intentions later in the day and
adjusting for typical behavior on other days.
We had expected that providing a per-meal
recommendation might, by nature of the sim-
plicity of the comparison, have a more benefi-
cial effect, but it was of no more help than
the daily recommendation. Most of the findings
on this topic suggest that consumers are
simply not making precise calculations when
choosing restaurant meals, and so providing
them with tools to make their computation
more accurate misses an opportunity to in-
tervene in a qualitatively different way, per-
haps in a manner that would help with the
decision that is actually being made.

Conclusions

Regardless of whether menu labeling has the
intended effect of reducing calorie consump-
tion, we are in agreement with policymakers
that increased transparency in product labeling
is inherently desirable.29 However, our
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FIGURE 1—Mean caloric content of meals purchased by fast-food consumers who received

a per-meal or daily calorie recommendation or no recommendation, before and after the

2008 implementation of calorie labeling in New York City.

TABLE 3—Calorie Consumption and Estimation Among Fast-Food Consumers Who Received a Per-Meal or Per-Day Calorie

Recommendation or No Recommendation, Before and After the 2008 Implementation of Calorie Labeling in New York City

Before Labeling After Labeling

No Recommendation,

% or Mean (SD)

Per-Meal or Per-Day

Recommendation,

% or Mean (SD)

No Recommendation,

% or Mean (SD)

Per-Meal or Per-Day

Recommendation,

% or Mean (SD) Recommendation,a P Interaction Effect,b P

Entrée calories 334 (274) 369 (283) 348 (324) 410 (273) .028 .896

Ordered drinkc 42 48 55 58 .131 .314

Ordered fries 44 47 52 55 .495 .62

Ordered dessert 26 24 18 15 .919 .542

Estimated caloriesd 482 (487) 563 (525) 549 (414) 648 (512) .001 .33

Estimation errore 436 (408) 468 (411) 348 (333) 412 (379) .932 .564

Looked for calories 3.01 (2.0) 3.10 (2.1) 3.64 (2.1) 3.30 (2.2) .634 .138

Considered calories 3.21 (2.1) 3.32 (2.1) 3.75 (2.1) 3.47 (2.2) .626 .066

aSignificance levels for the main effect of receiving either recommendation (logistic regression for binary variables).
bSignificance levels for the interaction term between the pre- vs postlabeling measure and receiving either recommendation.
cExcluding drinks with negligible calories (water, black coffee, diet soda).
dBecause the distribution of calorie estimates was highly skewed, estimates were log transformed for analysis; simple means are reported.
eAbsolute difference between log-transformed estimates of calories ordered and log-transformed actual calories.
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results suggest that the effects of informational
strategies on behavior are complex. Rather than
increasing consumer burden with ever more
information and education, policy efforts might
gain more traction if directed toward avenues
that make it easier for people to make healthier
decisions. One such avenue could be the con-
troversial use of bans or limits,30 but perhaps
a more promising approach would be to incen-
tivize restaurants and manufacturers to promote
high-margin, healthier items.31 This could in-
clude, for example, a small discount for a person
ordering a combo meal along with a diet soft
drink or water rather than a regular soft drink.32

Our study has limited but clear policy implica-
tions. Our results do not support the introduction
of calorie recommendations as a means of en-
hancing the impact of posted calorie information.j
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