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Abstract

Background: The long-term effect of calorie labeling on fast-food purchases is unclear. McDonald’s voluntarily
labeled its menus with calories in 2012, providing an opportunity to evaluate this initiative on purchases.

Methods: From 2010 to 2014, we collected receipts from and administered questionnaires to 2971 adults, 2164
adolescents, and 447 parents/guardians of school-age children during repeated visits to 82 restaurants, including
McDonald’s and five control chains that did not label menus over the study period in four New England cities. In
2018, we analyzed the data by using difference-in-differences analyses to estimate associations of calorie labeling
with calories purchased (actual and estimated) and predicted probability of noticing calorie information on menus.

Results: Calorie labeling at McDonald’s was not associated with changes in calories purchased in adults (change =
− 19 cal pre- vs. post-labeling at McDonald’s compared to control chains, 95% CI: − 112, 75), adolescents (change =
− 49 cal, 95% CI: − 136, 38), or children (change = 13 cal, 95% CI: − 108, 135). Calorie labeling generally increased the
predicted probability of noticing calorie information, but did not improve estimation of calories purchased.

Conclusions: Calorie labeling at McDonald’s was not associated with changes in calories purchased in adults,
adolescents, or children. Although participants were more likely to notice calories on menus post-labeling, there
was no improvement in ability to accurately estimate calories purchased.
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Background
In May 2018, restaurant chains with 20 or more locations
in the United States were mandated to label their menus
with calorie information to comply with the menu labeling
provision of the 2010 Patient Protection and Affordable
Care Act (ACA) [1]. Policymakers adopted this require-
ment to increase awareness of the calorie content of pre-
pared food purchased outside the home, especially
restaurant food, where calories are underestimated by res-
taurant patrons [2–4]. The federal policy also preempted
city and state laws requiring calorie labeling, establishing
uniform requirements for chain food establishments
across the country [5]. The downstream goal of the law is

to enhance diet quality by changing consumer behavior
and encouraging food retailers to offer lower calorie items.
In part, due to several delays in implementation of the law
[5], many large restaurant chains began voluntarily posting
calories on their menus before it was required, including
McDonald’s, which began labeling in September 2012.
Despite the popularity of calorie labeling [6] and the

federal requirement, the effectiveness of this policy for
reducing calories purchased in restaurants is unclear. Al-
though some previous observational and experimental
studies have found that calorie labeling reduces calories
purchased [7–11], other studies have found no differ-
ence, especially those conducted in real-world settings,
primarily at fast-food restaurants [12–19]. Importantly,
many studies that previously examined this association
lacked appropriate comparison groups [20]. Few studies
in adolescents and children have had large enough
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samples to examine this association overall or in sub-
groups [14, 17, 21].
To address these gaps, we conducted a study to evalu-

ate McDonald’s calorie labeling on customers’ actual
and estimated calorie content of purchased foods, com-
pared to customers of five fast-food chains that did not
implement labeling over the study period. We examined
this separately in adults, adolescents, and children.

Methods
Study area and restaurant selection
We capitalized on a natural experiment to examine calorie
purchases before and after voluntary calorie labeling at
McDonald’s in 2012 compared to a group of control restau-
rants: Burger King, Subway, KFC (except for adolescents),
Wendy’s, and Dunkin Donuts (only for adolescents). These
were chosen as control restaurants because they are similar
to McDonald’s in popularity, price point, and types of meals
served. Further, all have a wide range of menu offerings in
terms of calories, allowing us to detect changes in overall
trends in calorie purchases independent of labeling. Other
details regarding the process and rationale for restaurant se-
lection have been described previously [2]. Our study area
included Boston and Springfield, Massachusetts; Hartford,
Connecticut; and Providence, Rhode Island, four large New
England cities with substantial racial and socioeconomic di-
versity. For adults and children, we randomly selected three
McDonald’s, three Burger Kings, two Subways, one KFC,
and one Wendy’s in each city in 2010. These restaurant
chains were chosen because they had at least two locations
in each city and offered dinnertime meals. Restaurants that
had closed or whose management refused participation in
2010 were replaced by randomly selecting another restaur-
ant of the same chain in the same city. We revisited the
same restaurants every year from 2011 to 2014 except when
management refused to participate, in which case we se-
lected the nearest restaurant of the same chain. We sam-
pled adults and children in 48 restaurants, 37 of which
were included in both the pre-intervention (i.e. 2010–2012)
and post-intervention periods (i.e. 2013–2014). Data collec-
tion in 2012 was limited and only done to supplement
collection in restaurants that were added in 2011. We col-
lected participant surveys and receipts in the evenings from
April to August in each year of data collection.
The restaurant selection procedure was similar for

adolescent participants, except we chose restaurant
chains with at least two sites within one mile of a high
school (three McDonald’s, two Burger Kings, two Sub-
ways, two Dunkin Donuts, and one Wendy’s in each
city) and enrolled participants in the early afternoon
during the school year and at lunchtime over the sum-
mer. We believed this sampling strategy would help us
recruit adolescents, especially after school when they
may be unaccompanied by adults, thereby minimizing

the influence of parent and guardian preferences. We ex-
cluded restaurants poorly attended by adolescents; this
resulted in more exclusions in the pre-intervention
period for adolescents (n = 11) than we had for adults
and children (n = 5). As a result, we visited more restau-
rants to recruit the adolescent sample than we did for
adults and children. Overall, we sampled adolescents
from 53 restaurants, 37 of which were included in both
the pre- and post-intervention periods. We collected
surveys from June to August in each year of data collec-
tion; in Boston only, we collected a separate after-school
sample from April through June in each year of data
collection. This study was approved by the institutional
review board of Harvard Pilgrim Health Care.

Participant enrollment
We invited all adults (≥18 years), adolescents (11–20 years),
and parents or legal guardians of children (3–15 years) to
participate. While there was an overlap in age eligibility for
the groups, we enrolled them at different times of day,
making it unlikely that any participants were included in
both samples. As described previously [2], we approached
restaurant customers as they entered the restaurant and re-
quested they return the receipt and complete a question-
naire upon exiting in exchange for a $2 incentive. After
participants returned their receipt, we administered a ques-
tionnaire asking them to identify which items on the receipt
were purchased for their personal consumption (or their
child’s for the children sample). With the questionnaire, we
further assessed details that were not clear from the receipt,
such as whether items were shared, the use of sauces/con-
diments, the addition of cheese, the type of salad dressing,
and specific beverage choices. We also asked participants to
estimate their meal’s calorie content and assessed partici-
pant characteristics. We gathered all information directly
from adults and adolescents; for children, all questions were
directed to their parent or legal guardian. Although adults
and children were enrolled at the same restaurants and
times, we did not include parents or legal guardians in the
adult sample if their accompanying child was enrolled (we
preferentially enrolled children when an adult was ac-
companying a child). We administered questionnaires
in English, but a Spanish language version of the re-
cruitment script was available to facilitate recruitment
of Spanish speakers. The overall response rate was ap-
proximately 42% for adults (40% pre-intervention and
45% post-intervention), 46% for adolescents (43% pre-
intervention and 51% post-intervention), and 44% for
children (44% both pre- and post-intervention).

Outcomes
Our primary outcome was total calories purchased for
each participant, which was calculated by linking items
purchased for participants’ consumption to nutrition
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information from restaurant websites (collected in July of
each year of the study) and summing the total calories pur-
chased for each participant. Estimated total calories pur-
chased was a secondary outcome because we wanted to
determine if labeling helped consumers understand the
overall calorie content of their meals (even if they did not
purchase fewer calories). We also included whether partici-
pants noticed calorie information on menus as a secondary
outcome. Both of these were assessed on questionnaires.

Covariates
We measured participant characteristics that we hypothe-
sized might affect response to labeling on questionnaires, in-
cluding age, sex, race/ethnicity (“White,” “Black,” “Hispanic,”
“Asian” and/or “Other”), and self-reported weight and
height, which we used to calculate body mass index (BMI).
We also asked participants how important price, taste, con-
venience, and the total number of calories were when decid-
ing which items to order at the restaurant (“not at all”, “a
little”, or “a lot”).

Statistical analysis
We conducted analyses separately in adults, adolescents,
and children. We excluded participants whose estimated
or actual calorie intake exceeded 5000 cal (< 1% in all
samples) and those who had missing data on any of the
covariates in our main model (n = 179 adults [6%], n =
115 adolescents [5%], n = 72 children [14%]).
For our primary analyses examining the association

between calorie labeling and calories purchased after la-
beling in 2012, we fit multivariable generalized estimat-
ing equations (GEE) that included indicator variables for
group (McDonald’s vs. other) and period (pre- vs. post-
labeling), an interaction term between group and period
(βinteraction), which estimated the effect of calorie label-
ing, and covariates whose distributions appeared to
change slightly over time differently between groups:
age, sex, race/ethnicity, BMI, city, and restaurant chain.
In adolescents and children, we adjusted for BMI-for-
age-and-sex z-score, calculated from national reference
data [22], instead of BMI. We included these covariates
because if the population composition of the two inter-
vention groups changed differently over time, and were
related to calorie purchases, this could bias the associ-
ation between labeling and calorie purchases. To ac-
count for correlation between purchases in the same
restaurant, we included restaurant location as a random
effect. We additionally examined differences in calories
purchased between the post- and pre-intervention pe-
riods within each intervention group.
In secondary analyses, we examined differences in the

predicted probability of underestimating the calorie con-
tent of purchased meals, as well as whether participants
noticed calorie information on menus. For each analysis,

we excluded individuals missing data on the respective
outcome (across samples: 7–12% missing calorie under-
estimation; < 1–2% missing noticing calorie information).
We ran multivariable GEEs, adjusting for the same covari-
ates as in our primary analysis, and obtained standardized
predicted probabilities of each outcome [23, 24] within
each group and period. We then found the difference in
mean standardized predicted probabilities between the
post- and pre-intervention periods for each intervention
group, calculated the difference-in-differences, and ob-
tained 95% confidence intervals (CI) from 1000 boot-
strapped samples. In sensitivity analyses, we considered
underestimation of calories purchased as a continuous
measure, rather than a binary measure. We additionally
calculated the proportion of customers who reported
using calorie labels to make purchasing decisions among
those who said they noticed the calorie labels in McDo-
nald’s in the post-labeling period.
One important assumption of difference-in-differences

analyses is that the pre-trend values for the outcomes
are similar in the intervention and control groups. To
test this, we ran the primary models described above
with observations from 2010 and 2011 only and evalu-
ated the interactions between intervention group and
time (there were too few participants enrolled in 2012 to
include in this analysis). We did not detect any signifi-
cant interactions (P-interaction > 0.20 for all), and there-
fore had no evidence that the pre-intervention trends in
the outcomes differed between intervention and control
groups.
We conducted sensitivity analyses where we repeated all

primary and secondary analyses additionally adjusting for
importance of calories, convenience, price, and taste in
participant food choices, as well as whether participants
properly estimated recommended daily calorie intake. We
also reexamined associations between calorie labeling and
calories purchased after excluding McDonald’s customers
who did not report seeing calorie labeling after implemen-
tation. Lastly, we conducted exploratory subgroup ana-
lyses in which we repeated our primary analysis within
strata of participant sex (male/female), weight status
(obesity/no obesity), and race/ethnicity (Black/Hispanic/
White); we could not explore these in purchases made for
children due to low sample size.
All statistical analyses were conducted in SAS version

9.4 (Cary, NC). We calculated 2-sided 95% CIs for all
statistical tests.

Results
The study population after exclusions (Table 1) included
2971 adults (31% McDonald’s customers; mean age, 37.6
years [SD, 15.9]; 43% female), 2164 adolescents (41%
McDonald’s customers; mean age, 16.3 years [2.7]; 48% fe-
male), and 447 children (41% McDonald’s customers; mean
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age, 8.2 years [3.1]; 51% female). Most participants were
non-White (60 to 84%) across all samples. Among adults,
compared to control chains, McDonald’s customers were
more likely to be female and Black; school-age children at
McDonald’s were also more likely to be Black. Among ado-
lescents, a higher proportion of McDonald’s customers
were in Boston compared to the control restaurants due to
the additional sample during the school year. The mean
calories purchased was 807 (range: 0–4000) for adults, 746
(range: 0–2980) for adolescents, and 694 (range: 90–2170)
for children. About half of participants across age groups
responded that calories influenced their meal selection to
some degree, and most answered that that recommended
daily calorie intake was between 1000 and 3000 cal.
In multivariable-adjusted models, the calorie content of

meals declined by 80 cal in McDonald’s (95% CI: − 155, − 4)
and by 60 cal in control restaurants (95% CI: − 116, − 5) in
the post- compared to the pre-intervention period among
adults. In difference-in-differences models comparing
McDonald’s to control restaurants before vs. after labeling,
there was no change in calories purchased associated with
calorie labeling (βinteraction =− 19 cal, 95% CI: − 112, 75)
(Table 2). We similarly observed decreases in calories pur-
chased among children in both McDonald’s and control res-
taurants, but again no change in calories purchased
associated with labeling (βinteraction = 13 cal, 95% CI: − 108,
135). In adolescents, we observed neither a decline in calo-
ries purchased over time nor a change associated with
labeling; the βinteraction was the largest for this group though
(− 49, 95% CI -136, 38). Results were similar when adjusting
for additional covariates in sensitivity analyses
(Additional file 1: Table S1) and when restricting the ana-
lysis to McDonald’s customers who reported seeing calorie
information on menus (Additional file 1: Table S2).
We did not observe any changes in predicted probabil-

ity of underestimating calories purchased in either
McDonald’s (predicted change = 1, 95% CI: − 6, 8) or
control restaurants (predicted change = − 1, 95% CI: − 5,
4) in the post- compared to the pre-intervention period
among adults, and, in differences-in-differences models,
there was no association of calorie labeling on ability to
accurately estimate calories purchased (βinteraction = 1,
95% CI: -7, 9). Difference-in-differences were similarly
null among adolescent purchases and purchases made
for children (Table 3). Results with continuous under-
estimation of calories were consistent with those using
the binary measure (Additional file 1: Table S3). In
adults, as expected, calorie labeling was associated with a
substantial increase in predicted probability of noticing
calorie information on McDonald’s menus compared to
control restaurant menus (βinteraction = 28, 95% CI: 21,
36). These results were similar among adolescents, but
were weaker among parents/guardians of children (βinter-
action = 13, 95% CI: − 7, 31). Results for both

underestimation of calories and noticing of calorie infor-
mation on menus were similar when adjusting for add-
itional covariates, though we could not run these
analyses in children due to small sample sizes (Add-
itional file 1: Table S4). We found that 28% of adults,
15% of adolescents, and 24% of parents/guardians of
children who noticed labels said that they used the label
to decide what to purchase. Among all participants in
McDonald’s in the post-labeling period, 13% of adults,
6% of adolescents, and 8% of children noticed and used
the labels.
When repeating our primary analysis stratified by partici-

pant characteristics (Table 4), we observed fewer calories
purchased by adolescents with obesity in McDonald’s com-
pared to control restaurants (βinteraction = − 246 cal, 95% CI:
-500, 9). Calorie labeling was also associated with reduced
calories purchased by Black (βinteraction = − 128 cal, 95% CI:
− 237, − 19) and White adolescents (βinteraction = − 141 cal,
95% CI: − 291, 10), but not among Hispanics or in either
sex. We did not observe associations of calorie labeling by
these characteristics in adults.

Discussion
In this natural experiment of adults, adolescents, and
children, we found that McDonald’s voluntary calorie la-
beling was not associated with large overall changes in
calorie content of meals purchased compared to un-
labeled fast-food restaurant meals. Exploratory analyses
revealed that calorie labeling was associated with fewer
calories purchased among adolescents with obesity as
well as Black and White adolescents. Although there
were no associations of calorie labeling in our primary
analyses, adult purchases and purchases made for chil-
dren in both intervention and control groups had fewer
calories over time. Moreover, although there was a sub-
stantially higher predicted probability of noticing calorie
information in McDonald’s after labeling compared to
control restaurants among adults and adolescents, cal-
orie labeling was not associated with improvements in
estimation of calories purchased.
Our main results are consistent with most previous

studies conducted in fast-food restaurants using a nat-
ural experiment design [12–17, 20], which have generally
found that calorie labeling is associated with noticing
calorie information but not with calories purchased.
Many of these studies sampled participants from the
same chains as in the present study, using data collected
in cities that had implemented calorie labeling (i.e. New
York City, Philadelphia, and Seattle) compared to con-
trol cities that had not. Only two of these studies investi-
gated this association in children and adolescents
specifically, and both did not observe any differences in
calories purchased after labeling [14, 17]. Although this
suggests limited ability of calorie labeling to reduce
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calories purchased in fast-food settings, one exception is
a study conducted by Bollinger et al., which found a sig-
nificant 15-cal decrease in Starbucks purchases in New
York City after labeling (compared to Starbucks loca-
tions in Boston and Philadelphia where labeling was not
yet implemented) [7]. This study used > 100 million res-
taurant transactions, allowing them to detect very small
differences in calories purchased. No other study to date,
including the present study, has been large enough to
detect such small differences in calories purchased.
However, microsimulation studies have shown that even
small reductions (e.g. 8–11 cal/day) could prevent hun-
dreds of thousands of cases of obesity and cardiometa-
bolic disease [25, 26]. Thus, the lack of an association in
the present study and in past small studies can be used
only as evidence against a moderate or large effect of
labeling on calories purchased. They should not be used
to rule out a small but meaningful effect of labeling
because these studies have generally not been powered to
detect such effects. The statistically non-significant reduc-
tion of 49 cal among adolescents dining at McDonald’s
compared to other chains, pre vs. post, provides further
evidence that a small reduction cannot be ruled out in this
study.
Although our study included a greater number of child

and adolescent participants than previous studies [14, 17],
we could not completely separate potential parent and
guardian influence over choices. Our sampling of adoles-
cents in the early afternoon in restaurants within one mile
of a high school may have increased our chances of enrol-
ling adolescents unaccompanied by adults. However, we
did not exclude adolescents who were accompanied by an
adult. This is also true for children in our sample, who

were all accompanied by an adult. In a study of parent-
child dyads by Tandon et al., most parents (~ 70%) re-
ported that the child alone selected the child’s meal [17],
whereas Elbel et al. reported that only 31% of children de-
cided on their own what they ate [14]. Purchases made for
children in our study, therefore, likely represent some
combination of child and adult preferences. However,
Elbel et al. also reported no association between parental
involvement and fast-food calorie consumption; it is un-
clear whether parent/guardian influence would have an
effect on changes in calorie purchases made after labeling.
Although calorie labeling was not associated with calo-

ries purchased in our study overall, we observed a de-
crease in calories purchased among adolescents with
obesity and Black and White adolescents in exploratory
analyses. Previous studies have found that individuals
with overweight or obesity are more likely to notice or
use calorie labels than individuals with underweight or
normal weight [27–29]; these studies did not examine
calorie purchases specifically. Studies examining calorie
label awareness or use by race/ethnicity have been in-
consistent, with some finding greater benefits of labeling
in White populations and others finding greater benefits
in non-White populations [29–31]. Our exploratory ana-
lyses do not clarify this question because they suggest
similar reductions in calories purchased in Black and
White groups. Because we found no associations of cal-
orie labeling with calories purchased among all adoles-
cents, these analyses suggest that this null association
may have been driven by participants in the Hispanic,
Asian, and Other race/ethnicity groups (the latter two of
which we did not conduct subgroup analyses in due to
small sample sizes). To our knowledge, this has not been

Table 4 Multivariable-Adjusted Difference-in-Differences (95% CI) for Calories Purchased in Adults and Adolescents by Participant
Characteristics

Characteristic Adultsa Adolescentsb

N Difference-in-differences N Difference-in-differences

Sex

Male 1707 −19 (− 122, 85) 1121 −81 (− 203, 41)

Female 1264 −12 (− 130, 106) 1043 − 12 (− 115, 92)

Obesity Statusc

Obesity 889 −112 (− 282, 56) 284 −246 (− 500, 9)

No obesity 2086 19 (− 67, 105) 1880 −30 (− 112, 52)

Race/ethnicity

Black 906 −33 (− 151, 84) 747 −128 (−237, − 19)

Hispanic 566 −63 (− 330, 203) 577 41 (− 131, 214)

White 1143 −38 (−177, 100) 427 −141 (−291, 10)
aAdjusted for age (years, continuous), sex (female [ref], male), race/ethnicity (white [ref], black, Asian, Hispanic, other), BMI (kg/m2, continuous), city (Boston [ref],
Hartford, Providence, Springfield), and restaurant chain (Burger King [ref], KFC, Subway, Wendy’s). Restaurant location was included as a random effect
bAdjusted for same variables as in adults, except BMI-for-sex-and-age z score (continuous) was used instead of BMI, and control restaurants included Burger King
(ref), Wendy’s, Subway, and Dunkin’ Donuts
cObesity defined as BMI ≥30 in adults and BMI-for-age-and-sex z score ≥ 1.645 in adolescents
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reported previously, though the finding in Black adoles-
cents may be worth further investigation given the higher
risk of chronic disease in Black populations [32–34].
Given our lack of a priori hypotheses about the subgroups
and the relatively small number of adolescents in each,
these results may also be due to chance.
Enhancing consumers’ knowledge of the calorie con-

tent of restaurant meals is one mechanism through
which calorie labeling aims to reduce calories purchased.
This is important considering that consumers frequently
underestimate calories in restaurant meals [14, 38, 39].
Indeed, in the present study, more than 60% of partici-
pants in the pre-labeling period underestimated calories
purchased across age groups, with mean underestimated
calories ranging from 111 (adults in McDonald’s) to 260
(adolescents in control chains). However, we did not find
any differences in estimation of calories purchased after
labeling implementation. This may be a sign that calorie
labels are an insufficient means of communicating nutri-
tion information, further supported by the fact that
fewer than 50% of McDonald’s customers noticed calorie
information after labeling. Other studies have observed
similar findings [15, 16, 29]. Although this suggests the
need for enhanced promotion of calorie labels, a poten-
tially bigger problem is that even among the minority of
customers who noticed the labels, few (15–28% depending
on age) used them to inform their meal choices. This
likely explains why we observed no differences in calories
purchased when restricting our sample to McDonald’s
customers who reported noticing labels after implementa-
tion (though this analysis might have introduced other
biases [40]).
These results together imply that promoting labels or in-

creasing their visibility might not be enough to reduce over-
all calorie purchases in fast-food settings. More widespread
rollout of calorie labeling across the U.S. might increase the
salience of this information over time. However, many fast-
food consumers may just not find this information helpful;
about half of participants responded that calories were “not
at all” important in their meal selection. Other types of
health communication, such as traffic light labels, may bet-
ter communicate the importance of energy balance for
health [41], and labels might be more effective in other
settings like full-service chain restaurants [42, 43] or cafete-
rias [10, 11, 44, 45].
The natural experiment design we used, which accounted

for secular trends in calorie purchases and included a con-
trol group with similar menu offerings and clientele as our
intervention group, make our results more robust to un-
measured confounding [46]. This allowed us to draw more
valid inferences. Other strengths include our repeated
sampling in the same restaurant locations over a five-year
period spanning labeling implementation, and a racially
and ethnically diverse population.

There are also several limitations to this study. First,
although difference-in-differences analyses are generally
robust to unmeasured confounding, it is possible that
there were some characteristics that changed between
groups over time that we did not measure. This could
confound our results if these characteristics are related
to calorie intake. However, we measured the major char-
acteristics that we felt were most likely to be con-
founders and adjusted for these variables even though
their distributions seemed to differ only slightly between
groups over time. Second, even though this study is, to
our knowledge, the largest to date of adolescents and
children (and one of the largest of adults), we had low
power to detect small differences in calories purchased
after labeling implementation. Third, although our re-
sults are generalizable to individuals of different racial/
ethnic groups, participation rates were < 50% across sam-
ples, suggesting we may have enrolled a select popula-
tion among eligible individuals, such as people with
lower incomes (i.e. those more receptive to a $2 incen-
tive) and those who primarily do not use drive-thrus
(from whom we did not collect data), where calorie la-
bels may be visualized differently than in restaurants.
Our results therefore may not be generalizable to all
fast-food consumers in the U.S., though our sampling of
participants from top-selling chains may enhance this
generalizability. Given some differences in menu offer-
ings of these restaurants in different countries, and dif-
ferences in the demographic composition and health
literacy of their clientele, it is unclear how generalizable
these results are to customers outside of the U.S. Fourth,
individuals’ purchases may have been influenced by par-
ticipation in the study. However, we expect that any
change in purchases due to participation in this study
would be similar in McDonald’s and control restaurants
and would not greatly affect our main results. When ap-
proaching potential participants (prior to their orders),
we provided only minimal information about the study,
stating that the study was about “food and drink choices
at fast-food restaurants.” Fifth, we only assessed purchased,
not consumed food. If calorie labeling is associated with re-
duced intake, but not purchases, of restaurant meals, our
results could be underestimated. Last, labeling may have
caused some people to forego dining at McDonald’s, but
we were not able to capture this information due to the
repeated cross-sectional nature of our study. People
who decided not to purchase food from McDonald’s
due to labeling might have consumed more or fewer
calories for that meal at a different location than at
McDonald’s. A previous study in Philadelphia found
that individuals did not change their frequency of fast-
food visits after labeling [15], but more information on
substitution is needed to understand the effect of label-
ing on overall diet quality.
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Conclusions
In summary, we did not observe large differences in ac-
tual or estimated calorie content of meals purchased in
McDonald’s restaurants after calorie labeling when com-
pared to control restaurants in adults, adolescents, or
children. These findings may be partially explained by
the still incomplete recognition of calories, even when
labeling is present. However, it is also possible that any
true effect of calorie labeling is smaller than we could
detect with our sample sizes. Although there were no as-
sociations of calorie labeling on purchases, the calories
purchased by adults and adolescents declined over time,
suggesting this might be a secular trend that is driven by
myriad factors, one of which could be labeling or the an-
ticipation of labeling.
The recent nationwide implementation of the calorie

labeling law offers future opportunities to investigate
these effects in larger studies, particularly in full-service
restaurants, where the effect of calorie labeling on diet
quality may be stronger [42]. Because of the now wide-
spread implementation of labeling, chains might offer
lower calorie options, decreasing calorie content by de-
fault [47], which should also be examined further. The
law additionally requires labeling of prepared foods in
supermarkets; no studies have investigated labeling in
these settings [20]. Other areas for future research in-
clude evaluation of the effects of calorie labeling on
overall diet quality, including nutrient and food group
composition of purchases [48]. Lastly, calorie labeling in
the presence of other policies for obesity prevention (e.g.
beverage taxes) should be investigated because there
may be synergistic effects that have a positive impact on
diet.
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