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Abstract

Objective: The objective of this study was to evaluate potential sources
of heterogeneity in the effect of calorie labeling on fast-food purchases among res-
taurants located in areas with different neighborhood characteristics.

Methods: In a quasi-experimental design, using transaction data from 2329 Taco
Bell restaurants across the United States between 2008 and 2014, we estimated
the relationships of census tract-level income, racial and ethnic composition, and
urbanicity with the impacts of calorie labeling on calories purchased per
transaction.

Results: Calorie labeling led to small, absolute reductions in calories purchased across
all population subgroups, ranging between —9.3 calories (95% CIl: —18.7 to 0.0) and
—37.6 calories (95% Cl: —41.6 to —33.7) 2 years after labeling implementation. We
observed the largest difference in the effect of calorie labeling between restaurants
located in rural compared with those located in high-density urban census tracts
2 years after implementation, with the effect of calorie labeling being three times
larger in urban areas.

Conclusions: Fast-food calorie labeling led to small reductions in calories purchased
across all population subgroups except for rural census tracts, with some subgroups

experiencing a greater benefit.

from foods and additives”; examples include sugar-sweetened bever-

ages and French fries) [3] and are associated with increased consump-

The proportion of household food dollars spent outside the home has
been increasing for many years, surpassing food-at-home expenditures
in 2010 [1]. Among food-away-from-home expenditures, the most dra-
matic increase has been for limited-service or fast-food restaurants [1],
which, as of 2022, make up the largest proportion of food-away-from-
home spending [2]. Fast foods are often ultraprocessed

(i.e., “formulations made mostly or entirely from substances derived

See Commentary, pg. 223.

tion of calories, sugar, saturated fat, and sodium among both children
and adults [3-5]. In order to promote healthy choices and nutrition lit-
eracy while eating out, the 2010 Patient Protection and Affordable
Care Act (ACA) mandated calorie labeling for chain restaurants with
20 or more locations across the country [6]. Prior to national implemen-
tation in 2018, several local and state governments mandated calorie
labeling in their jurisdictions [7].

To date, multiple studies have evaluated the effect of calorie

labeling on customer knowledge, food purchasing behaviors, and
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menu item reformulation, with mixed results [8]. Many of the early
studies were conducted in laboratory settings, which do not capture
the real-life experience of eating out or ordering takeout from a res-
taurant. Of those conducted in real-world settings, most lacked com-
parison sites or were limited to a single jurisdiction [8]. Recently, two
quasi-experimental studies of calorie labeling in fast-food restaurants
have been published. The first, using pre- and post-national imple-
mentation of calorie labeling transaction data and an interrupted time-
series approach, found that calorie labeling led to a decrease of
73 calories per transaction [9]. The second, using pre- and post-
local implementation of calorie labeling transaction data with
comparison restaurants, found that calorie labeling led to a
decrease of 25 calories per transaction, with some variation by
location [10]. Although these more robust studies have indicated
that calorie labeling, at least in the fast-food setting, does have
some small impact on consumer behavior, it remains unclear
whether all segments of the population benefit equally from this
type of intervention. This has implications for how this policy and
others like it are implemented, for understanding the mechanisms
by which they impact health, and, ultimately, for health equity.

Much of the work in this area measures whether different socio-
demographic groups report noticing and using calorie labels and con-
sistently finds that people with higher income or more education
notice and use labels more than those with lower income or less edu-
cation in both full-service and fast-food restaurants [11-16]. Among
studies that have examined differences in calories purchased, multiple
systematic reviews and meta-analyses have found limited evidence
for heterogeneity in the effect of calorie labeling by socioeconomic
position or status [17-19]. However, more recent work has found
that, when comparing purchases from the same fast-food franchises
before and after national implementation of calorie labeling, there
were greater reductions in calories purchased per transaction at res-
taurants located in higher- versus lower-income census tracts [9]. Sim-
ilarly, a study of calorie labeling at Starbucks coffee shops found
larger decreases in calories per transaction at restaurants located in
higher- versus lower-income zip codes [20]. On the other hand, a
study in King County, Washington, found no differences in calories
purchased among respondents in low-income, diverse areas compared
with other areas [21]. In terms of heterogeneity by race and ethnicity,
one study found that Black and White, but not Hispanic, adolescents
purchased fewer calories from McDonald’s after the implementation
of calorie labeling [22]. Another study found that the effect of calorie
labeling on calories purchased per transaction at a large fast-food
franchise in the southern United States was similar in areas differing
by racial composition [23].

Our objective in this study was to evaluate potential sources of
heterogeneity in the effect of calorie labeling on fast-food
purchases among different sociodemographic groups using a quasi-
experimental design and transaction data from 2329 Taco Bell
restaurants between 2008 and 2014. We build upon previous work
on variation in the effects of calorie labeling by community charac-

teristics through our use of the largest dataset of fast-food
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Study Importance
What is already known?

o Calorie labeling at large chain restaurants was mandated
by the Patient Protection and Affordable Care Act in
May 2018.

e Recent large-scale evaluations at fast-food chains have
found that calorie labeling led to a small but significant
decrease in calories purchased; it remains unclear
whether all segments of the population benefit equally

from this type of intervention.

What does this study add?

o Calorie labeling led to reductions in calories purchased
across all segments of the population, ranging between —9
and —38 calories 2 years after labeling implementation.

e The largest differences in the effect of calorie labeling
were found between restaurants located in rural com-
pared with those located in urban areas 2 years after
implementation, with the effect of calorie labeling being

three times larger in urban areas.

How might these results change the direction of
research?

e Calorie labeling at a large fast-food chain led to small,
absolute reductions in calories purchased across all popu-
lation subgroups.

o In order to have the highest impact on eating behaviors
and health equity, calorie labeling should be combined

with other policies.

transactions across six jurisdictions that enacted local calorie label-

ing ordinances prior to national implementation.

METHODS
Data sources

We used restaurant-level transaction (i.e., receipt) data provided
by Taco Bell for purchases made nationwide between 2008 and
2014. We identified 474 Taco Bell restaurants with complete
transaction data that implemented calorie labeling prior to 2018
across six jurisdictions (i.e., “treated” restaurants). Additionally, we
used data from 1855 restaurants with complete data and matched
on multiple restaurant- and community-level characteristics

(Table 1) in areas where calorie labeling was never implemented during

85UB017 SUOWIWOD SAIIER.D 3(cedldde ayy Aq pausenob afe sejoie YO ‘8sn Jo s8N 10y Areiq1T 8UIUO A8]IAN UO (SUDNIPUCD-pUE-SWS)W00 A8 | Afe.dBulUoy/Sdny) SUONIPUOD pue sWe 1 8y} 885 *[G202/T0/6Z] U0 AkiqiTauliuo A[IM ‘AIsBAIUN 3o A MeN Ad 86Tz A00/Z00T OT/I0p/W00 A8 1M Ale.q1Bul|uoy/:Sdny Woi) pepeojumod ‘Z ‘SZ0Z ‘X6EL0E6T



CALORIE LABELING AND COMMUNITY CHARACTERISTICS

LERYIBSE Obesity (ol

TABLE 1 Restaurant- and community-level characteristics of calorie labeling and comparison restaurants.

Restaurant-level characteristics: unique restaurants included in analyses, n (%)

California (January 1, 2011, implementation, in-store only)

Suffolk County, New York (October 28, 2010, implementation)
Schenectady County, New York (September 12, 2012, implementation)
Montgomery County, Maryland (January 1, 2011, implementation)
Vermont (May 18, 2008, implementation)

King County, Washington (August 1, 2008, in-store implementation,
December 31, 2008, drive-thru implementation)

Community-level characteristics (weighted)
Population count, n (SD)
Asian population, % (SD)*
Black population, % (SD)*
Hispanic population, % (SD)"
White population, % (SD)“

Median household income, mean (SD)

Calorie labeling Comparison
(treated) restaurants restaurants
450 (94.9) 1512 (81.5)
16 (3.4) 519 (34.28
1(0.2) 100 (6.8)°
3(0.6) 216 (14.6)°
1(0.2) 100 (7.6)°
3(0.6) 410 (2357
5491 (2306) 5339 (1339)°
12(12.7) 6.2 (5.9)°
6.5(9.3) 10.5 (8.2)°
36.4(23.1) 22.4(13.3)°
63.6(19.1) 73.2 (11.6)°
63,006 (26149) 55,722 (15341)°

2Percent of eligible comparison restaurants that were used to create synthetic control units; comparison restaurant units can be used more than once

(i.e., replacement).

PWe used synthetic control methods to construct a comparison unit for each restaurant in the calorie labeling group.
“Categories of race and ethnicity are not mutually exclusive (e.g., the White population includes both individuals who identified as Hispanic and as non-Hispanic).

the period of 2008 to 2014. Using synthetic control methods [24, 25],
from the pool of 1855 eligible control restaurants, we created a
synthetic control for each “treated” restaurant, comprising a
weighted average of data from multiple restaurants. Using a
matched sample for the comparison group helps equalize potential
observable differences among locations that implemented menu
labeling and those that did not.

For a full description of data sources, how treated and compari-
son restaurants were selected, and how synthetic control units were
created, see Rummo et al. [10]. This study did not involve any human

participants.

Primary outcome

Using both automated and manual matching methods to match menu
items with the MenuStat nutritional database [26], we assigned caloric
information to over 95% of all food and beverage purchases each
quarter (n = 3517 unique menu items) [10]. We excluded in-store
fountain beverages given that these are self-serve, and we could not
assign calorie content to specific drink types. The primary outcome
for this study is the change in mean calories per transaction in the first
and second years after calorie labeling implementation. We used both
time periods because we hypothesized, based on results from prior
work [9, 22, 27], that the initial effect of calorie labeling would wane
over time. We excluded data from the 2 months before and after calo-
rie labeling implementation to account for variation in labeling imple-

mentation and customer awareness of the change.

Community characteristics

We investigated three different sources of heterogeneity, all mea-
sured at the census tract level of the restaurant locations. Although
individuals may purchase fast food outside of their census tract, given
that our data are only available at the restaurant level (i.e., Taco Bell
did not provide patron demographic information), we were limited to
this level of analysis. The three hypothesized sources of heterogeneity
were as follows: 1) census tract-level median household income, oper-
ationalized as quartiles of income; 2) census tract-level population
race and ethnicity, operationalized as quartiles of percent race and
ethnicity for each of four race and ethnicity groups separately
(i.e., Asian, Black, Hispanic, and White; the percentage of individuals
identifying as each race and ethnicity group increases from Quartile
1 to Quartile 4); and 3) census tract-level urbanicity, operationalized
into four categories of population density along the rural-urban con-
tinuum (i.e., rural, suburban/small town, lower-density urban, and
higher-density urban) [28]. We used these categories instead of rural-
urban community area codes because they offered more granularity.

Statistical analyses

In order to assess how different sources of heterogeneity at the com-
munity level moderated the effect of calorie labeling on calories pur-
chased per transaction, we developed a matched comparison group
using synthetic control methods and estimated ordinary least-squares
models with both restaurant-level and 12 calendar month fixed

effects to control for time-invariant confounding and seasonality, as
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well as a count of months relative to implementation at each loca-
tion [10]. We included a triple difference term to parameterize the dif-
ference in the effect of calorie labeling at different quartiles of each
of the three hypothesized sources of heterogeneity. The coefficient
on the triple difference (DDD) is interpreted as the difference
between difference-in-difference estimates of the effect of calorie
labeling on calories purchased per transaction for pairs of quartiles
representing community subgroups as described earlier (see online
Supporting Information for regression equation). For reference, the
original difference-in-difference estimates published by Rummo et al.
were 21.9 (95% confidence interval [Cl]: 20.9-22.9) fewer calories
per transaction in the first year after implementation and 25.0 (95%
Cl: 24.0-26.1) fewer calories per transaction in the second year after
implementation [10].

Each source of heterogeneity was modeled separately. We
assigned the treated restaurant’s community characteristic quartile to
its synthetic control (Figures S1-S3). Standard errors were estimated
using the delta method with the marginaleffects package in R [29]. All

analyses were conducted using R version 4.1.2.

RESULTS

We included 474 Taco Bell restaurants that implemented calorie
labeling prior to 2018 across six jurisdictions, the majority of which
(94.3%) were in California (Table 1). Census tracts where these restau-
rants were located had a predominantly White population and a
median annual household income of $63,006. Comparison restaurants
had similar characteristics. Calorie labeling led to decreases in calories
purchased per transaction across all quartiles of census tract-level
median household income, population race and ethnicity, and commu-
nity urbanicity, with the smallest absolute effect observed in rural
census tracts (—9.3 calories [95% Cl: —18.7 to 0.0], the only absolute
effect with a confidence interval overlapping 0) and the largest abso-
lute effect observed in census tracts in the first quartile of percent
White individuals (—37.6 calories [95% Cl: —41.6 to —33.7]) 2 years
after implementation.

Ol A D . WILEYL*®

One year after implementation, the impact of calorie labeling
among restaurants in the highest-income quartile (—12.6 calories per
transaction [95% Cl: —16.6 to —8.7]) was 9.5 calories less (95% Cl:
3.9 to 15.1, i.e., a smaller reduction) than the impact observed in the
lowest-income quartile (—22.1 calories [95% Cl: —26.1 to —18.2]).
This difference, however, was attenuated 2 years after calorie labeling
implementation (5.4 calories [95% Cl: —0.2 to 10.9]) (Table 2).

We observed small differences in the effect of calorie labeling by
quartile of percent race and ethnicity 1 and 2 years after implementa-
tion (Table 3). For White individuals, the largest racial group, the
impact of calorie labeling among restaurants in Quartile 4 (—22.9 calo-
ries [95% Cl: —26.8 to —19.0]) was 7.8 calories greater (95% CI:
—13.4 to —2.2, i.e,, a larger reduction) than the impact observed in
Quartile 1 (—15.1 calories [95% Cl: —19.1 to —11.2]) of percent White
individuals 1 year after implementation. Two years after implementa-
tion, the difference between these quartiles was 11.8 calories (95%
Cl: 6.3 to 17.4), reflecting a larger absolute effect of calorie labeling
among restaurants in census tracts with the smallest proportion of
White individuals (—37.6 calories [95% Cl: —41.6 to —33.7]).

One year after implementation, the impact of calorie labeling
among restaurants in higher-density urban census tracts (—18.2 calo-
ries [95% Cl: —21.5 to —14.8]) was not significantly different (—3.5
calories [95% Cl: —13.8 to 6.8]) than the impact observed in rural
census tracts (—14.7 calories [95% Cl: —24.4 to —4.9]) (Table 4). Two
years after implementation, however, we observed the largest differ-
ences in the effect of calorie labeling between restaurants in both
lower- and higher-density urban census tracts (—21.7 calories [95%
Cl: —31.5 to —11.9] and —24.7 calories [95% Cl: —34.7 to —14.8],
respectively) compared with those in rural census tracts.

DISCUSSION

In this quasi-experimental study, we found mixed results for the
impact of census tract-level sources of heterogeneity on the effect of
calorie labeling on calories purchased at Taco Bell restaurants in the
United States in the period of 2008 to 2014. We found the largest

differences in the effect of calorie labeling between restaurants

TABLE 2 Effect of calorie labeling by census tract-level median household income quartile on calories purchased per transaction.?

Year 1 Year 2
Income category B (95% CI)° DDD (95% CI)© B (95% CI)° DDD (95% CI)©
Quartile 1 —-22.1(—26.1t0 —18.2) Ref. —29.5(—33.4 to —25.5) Ref.
Quartile 2 —22.2(—26.2t0 —18.2) —0.1(—5.7 to 5.5) —29.8 (—33.8to —25.9) —0.4(—6.0t0 5.2)
Quartile 3 —~19.8(-23.7 to —15.9) 2.3(-3.2t07.8) —33.1(-36.9 to —29.2) -3.6(-9.1,1.9)
Quartile 4 —12.6 (—16.6 to —8.7) 9.5(3.9 to 15.1) —24.1(—28.0to —20.2) 5.4(-0.2,10.9)

Note: Bold values indicate a statistically significant difference (p < 0.05) between the category and the reference group.
3Using the primary analytic approach of synthetic control matching and weighting.
bValues can be interpreted as the absolute effect of calorie labeling on calories purchased per transaction associated with each census tract-level median

household income quartile.

“Values can be interpreted as the triple difference estimate, representing the difference in the effect of calorie labeling on calories purchased per
transaction between each census tract-level median household income quartile and the reference category.

85UB017 SUOWIWOD SAIIER.D 3(cedldde ayy Aq pausenob afe sejoie YO ‘8sn Jo s8N 10y Areiq1T 8UIUO A8]IAN UO (SUDNIPUCD-pUE-SWS)W00 A8 | Afe.dBulUoy/Sdny) SUONIPUOD pue sWe 1 8y} 885 *[G202/T0/6Z] U0 AkiqiTauliuo A[IM ‘AIsBAIUN 3o A MeN Ad 86Tz A00/Z00T OT/I0p/W00 A8 1M Ale.q1Bul|uoy/:Sdny Woi) pepeojumod ‘Z ‘SZ0Z ‘X6EL0E6T



SOCIETY

* |WILEY_[OI A o

CALORIE LABELING AND COMMUNITY CHARACTERISTICS

TABLE 3 Effect of calorie labeling by census tract-level percent race and ethnicity quartile on calories purchased per transaction.?

Year 1 Year 2
Race and ethnicity category B (95% CI)° DDD (95% CI)° B (95% CI)P DDD (95% CI)©
Asian
Quartile 1 -21.8(-25.8t0 —17.8) Ref. —-21.1(-25.1t0 -17.2) Ref.
Quartile 2 —23.0(-27.0to —19.1) -1.2(-6.8t04.4) —34.0 (—37.9 to —30.1) -12.9 (-18.5to —7.3)
Quartile 3 —16.4(-20.3 to —12.4) 5.4 (-0.2to0 11.0) —33.9 (-37.8 to —29.9) -12.7 (-18.3 to -7.1)
Quartile 4 -15.8(-19.7 to —11.8) 6.1(0.5to 11.7) —27.7 (-31.6 to —23.8) —6.6(-12.1to —1.0)
Black
Quartile 1 —24.8 (—28.8 to —20.8) Ref. —29.2(-33.1to —25.2) Ref.
Quartile 2 —22.5(—26.4 to —18.6) 2.3(-3.3t07.9) —28.5(—32.4 to —24.5) 0.7 (—4.8 to 6.3)
Quartile 3 —18.8 (—22.7 to —14.9) 6.0 (0.4 to 11.6) —29.0(—33.0to —25.1) 0.2 (-5.4t05.7)
Quartile 4 —10.6 (—14.5 to —6.6) 14.3 (8.6 to 19.9) —29.9 (—33.8 to —26.0) —0.7 (—6.3 t0 4.9)
Hispanic
Quartile 1 —17.7 (-21.6 to —13.8) Ref. —24.3(—28.2 to —20.5) Ref.
Quartile 2 —16.7 (—20.7 to —12.8) 1.0 (4.6 to 6.5) —29.1(-33.1to —25.2) —4.8(-10.3t00.7)
Quartile 3 -19.1(-23.0to —15.1) -14(-69t04.2) —31.5(-35.4to —27.7) -7.2(-12.7 to -1.7)
Quartile 4 —23.3(-27.2to —19.3) —5.6 (—11.1t0 0.0) —31.7 (-35.7 to —27.7) -7.3(-12.9to —1.8)
White
Quartile 1 -15.1(-19.1to —11.2) Ref. —37.6 (—41.6 to —33.7) Ref.
Quartile 2 —18.5(—22.4 to —14.5) —3.3(-89t02.3) —30.5(—34.4 to —26.6) 7.1(1.5t0 12.7)
Quartile 3 —19.9 (—23.8 to —15.9) —4.7 (—10.3t0 0.9) —22.6 (—26.6 to —18.7) 15.0 (9.4 to 20.6)
Quartile 4 —22.9 (—26.8 to —19.0) —7.8(-1341to0 —-2.2) —25.8(-29.7 to —21.9) 11.8 (6.3 to 17.4)

Note: Bold values indicate a statistically significant difference (p < 0.05) between the category and the reference group.
2Using the primary analytic approach of synthetic control matching and weighting.
bValues can be interpreted as the absolute effect of calorie labeling on calories purchased per transaction associated with each census tract-level percent

race and ethnicity quartile. Percent race and ethnicity quartiles for each race and ethnicity category are not mutually exclusive.

“Values can be interpreted as the triple difference estimate, representing the difference in the effect of calorie labeling on calories purchased per
transaction between each census tract-level percent race and ethnicity quartile and the reference category.

TABLE 4 Effect of calorie labeling by census tract-level community type on calories purchased per transaction.?

Year 1 Year 2
Community type B (95% CI)® DDD (95% CI)© B (95% CI)® DDD (95% CI)*
Rural —14.7 (—24.4 to —4.9) Ref. —-9.3(-18.7 t0 0.0) Ref.

—16.1(—21.8 to —10.4)
—21.1(-23.9 to —18.3)
—18.2(-21.5to —14.8)

Suburban/small town
Lower-density urban

Higher-density urban

—1.5(-12.8 t0 9.8)
—6.5(-16.6t0 3.7)
—3.5(-13.8t0 6.8)

—15.8 (-21.5to —10.1)
—31.0(—33.8 to —28.2)
—34.0(-37.4to —30.7)

—6.5(—17.4 to 4.5)
—21.7(-31.5to0 —11.9)
—24.7 (-34.7 to —14.8)

Note: Bold values indicate a statistically significant difference (p < 0.05) between the category and the reference group.
2Using the primary analytic approach of synthetic control matching and weighting.
bValues can be interpreted as the absolute effect of calorie labeling on calories purchased per transaction associated with each census tract-level

community type.

“Values can be interpreted as the triple difference estimate, representing the difference in the effect of calorie labeling on calories purchased per
transaction between each census tract-level community type quartile and the reference category.

located in rural compared with urban census tracts. The overall effect
of calorie labeling on calories purchased 2 years after implementation
found by Rummo et al. was 25 fewer calories per transaction [10]. We
found that the absolute effect of calorie labeling 2 years after imple-

mentation was 9.3 fewer calories in rural census tracts compared with

31.0 and 34.0 fewer calories in low-density urban and high-density
urban areas, respectively; the effect of calorie labeling was three times
larger in urban compared with rural census tracts. We found smaller
differences in the effect of calorie labeling by census tract-level

median household income quartiles and percent race and ethnicity
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quartiles, with differences in both the directionality and timing of the
effects. Overall, except for differences by census tract income level
and by percent race and ethnicity quartiles for Black individuals, dif-
ferences among groups were stronger 2 years versus 1 year after
implementation.

Our study adds to the literature on the impact of calorie labeling
on calorie purchases prior to national implementation. A systematic
review and meta-analysis by Long et al. of controlled studies evaluat-
ing the effect of calorie labeling on calories purchased, including five
studies in fast-food restaurants or coffee shops and one study in a
full-service restaurant, found a 7.63-calorie reduction (95% Cl: —21.02
to 5.76) [30]. Another systematic review and meta-analysis of seven
studies conducted in real-world settings, including worksite cafeterias
and fast-food and full-service restaurants, during this time period found
a 77.8-calorie reduction (95% Cl: —121.6 to —34.1), with no strong evi-
dence of heterogeneity in the effect by ethnicity or socioeconomic sta-
tus [31]. A third systematic review and meta-analysis of studies
conducted prior to national implementation of calorie labeling found
that, across five quasi-experimental studies in fast-food restaurants,
only one found a statistically significant reduction in calories purchased,
with greater reductions in higher-education and higher-income
areas [32]. Finally, a randomized field experiment of calorie labeling in
two full-service restaurants conducted between 2015 and 2017 found
that, when controlling for patron demographics and server, calorie
labeling led to a 44.9-calorie reduction (p < 0.10), with no strong evi-
dence of heterogeneity by race or education level [33]. By comparison,
we found that the effect of calorie labeling at a large fast-food chain
led to reductions in calories purchased that ranged between —9.3 and
—37.6 calories, with some evidence of heterogeneity by income, race
and ethnicity, and urbanicity.

Although the magnitude of differences in the effect of calorie
labeling by each potential source of heterogeneity varied, even some
relatively small differences, both overall and among groups, can have a
large impact on health outcomes and health equity at the population
level [34]. A study using 2003 to 2014 National Health and Nutrition
Examination Survey (NHANES) data of the effect of calorie labeling on
calorie consumption prior to national implementation found a
21-calorie reduction on daily intake in adults and a 34-calorie reduction
in children living in an area where calorie labeling was implemented
compared with those living in areas without mandatory calorie label-
ing [35]. Another study using 2004 to 2012 Behavioral Risk Factor Sur-
veillance System data found a 1.5% reduction in body mass index
among individuals living in New York counties where calorie labeling
was implemented compared with those living in the New York/New
Jersey/Pennsylvania metropolitan-area counties without calorie label-
ing, with a stronger effect among individuals with lower compared with
higher income [36]. A cost-effectiveness analysis of calorie labeling in
fast-food and full-service restaurants over the period of 2015 to 2025,
using the estimate for the effectiveness of calorie labeling on calories
purchased from the systematic review and meta-analysis by Long et al.
that was mentioned earlier (—7.63 calories) [30], found that the policy
was projected to prevent 41,015 cases of childhood obesity in 2025
(95% uncertainty interval: —41,324 to 122,396) [37].
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There are several potential explanations for our findings. First, the lit-
erature is already mixed as to whether the effect of calorie labeling differs
by income, measured at either the individual or restaurant levels. How-
ever, results from more recent quasi-experimental calorie labeling studies
have found a stronger effect of calorie labeling among restaurants located
in higher-income census tracts [9, 23]. Although we found small differ-
ences 1 year after implementation between restaurants located in the
highest-income quartile compared with those located in the lowest-
income quartile, the effect of calorie labeling was strongest among restau-
rants in the lowest-income quartile. Potential explanations for these con-
flicting results include differences in the types of restaurants studied,
study timelines, and restaurant customer bases. In the long term, how-
ever, potential income-based differences in the effect of calorie labeling
on health outcomes may be augmented or mitigated by differences in
baseline weight; evidence has suggested that individuals with lower
income have a higher prevalence of obesity [38] and that dietary changes
have a larger impact on individuals with higher weight [39], which is
something that we could not explore in the current study.

We observed small differences in both the directionality and
timing by census tract-level percent race and ethnicity quartiles.
The underlying cause of these differences, however, is less clear.
One possible explanation has less to do with who eats fast food and
more to do with where restaurants are located within communities.
For example, a geospatial analysis of the continental United States
found greater fast-food access among census block groups with a
higher percentage of Black residents [40]. This suggests that indi-
viduals residing in predominantly minority census tracts may
have greater exposure to calorie labels if they eat at multiple chain
restaurants in those tracts, which may lead to bigger changes in pur-
chases. Similarly, a study of the predicted impact of the national cal-
orie labeling mandate in New Jersey found that, compared with
restaurants in predominantly non-Hispanic White census tracts,
those in predominantly non-Hispanic Black and mixed race and eth-
nicity census tracts had higher odds of being required to post calorie
labels, meaning that more chain restaurants with 20 or more estab-
lishments are located in predominantly minority census tracts [41].
This could help explain, for example, why we observed a smaller
reduction in calories purchased per transaction 2 years after imple-
mentation in census tracts with a higher percentage of White indi-
viduals (Quartiles 2 and 4) compared with census tracts with a lower
percentage of White individuals (Quartile 1).

Finally, similar to the findings by race and ethnicity, the differences
that we observed in the effect of calorie labeling 2 years after imple-
mentation by census tract-level urbanicity may be explained by where
fast-food restaurant chains are located and are consistent with the liter-
ature on fast-food access by population density. For example, a study
looking at fast-food access by neighborhood type found that rural zip
codes had 0.14 times the number of fast-food restaurants compared
with urban zip codes [42], whereas another study found that the dis-
tance to the nearest fast-food restaurant was shorter in townships with
higher population density compared with lower population density
[43]. Relatedly, a study using 2013 to 2018 NHANES data found that,
as urbanization level increases, the share of energy intake from quick-
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service (including fast-food) restaurants increases [44], suggesting that
individuals residing in more densely populated areas may have greater
exposure to calorie labels if the share of calories that they obtain from
fast food is greater, potentially leading to bigger changes in purchases.
Taken together, these findings may indicate the need for a more com-
prehensive approach to calorie labeling in rural areas, such as by pairing
labeling with educational campaigns.

Despite our strong study design using data from restaurants that
implemented calorie labeling and comparison restaurants, a few limitations
should be noted. All data are at the restaurant level, both for the primary
outcome (calories per transaction) and for community characteristics asso-
ciated with a differential effect of calorie labeling (measured at the restau-
rant census tract level). Given that we do not have data on who made
individual purchases, including sociodemographic characteristics, caution
should be used in making inferences regarding individual behavior from
restaurant-level data, which could lead to an ecological fallacy. There is
evidence, for example, suggesting that individuals make most of their food
purchases at establishments outside of their census tract [45]. Matching
was performed using continuous measures of each community character-
istic and resulted in some covariate imbalance (Figures S1-S3). The match-
ing approach may also be biased if there are large, unobserved differences
between treated and control restaurants [10, 25]. For estimates by race
and ethnicity, we did not simultaneously control for changes in other racial
and ethnic groups; therefore, it is possible that effect heterogeneity asso-
ciated with a given racial category could, in fact, be due to changes in other
racial categories. Additionally, race and ethnicity categories are not mutu-
ally exclusive (e.g., the percent of White individuals in a census tract
includes both Hispanic and non-Hispanic White individuals). We used data
from Taco Bell restaurants, and most of the results are driven by changes
seen in California; findings may not be generalizable to other regions or
restaurants [10]. The results by urbanicity should be interpreted with cau-
tion given the small number of restaurants located in rural census tracts in
our sample. Relatedly, we were only able to measure changes in what was

ordered, but not changes in food consumption.

CONCLUSION

Overall, our findings suggest that calorie labeling at large fast-food
chains leads to reductions in calories purchased across all segments of
the population except for rural census tracts, but that some sociode-
mographic groups or areas may more greatly benefit from this policy
than others. Our results provide support for the implementation of
calorie labeling across chain restaurants. However, this policy should
be combined with other multilevel and multisectoral interventions to

eliminate disparities in diet and diet-related conditions.O
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