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Abstract

IMPORTANCE Menu labeling has been implemented in restaurants in some US jurisdictions as early
as 2008, but the extent to which menu labeling is associated with calories purchased is unclear.
OBJECTIVE To estimate the association of menu labeling with calories and nutrients purchased and
assess geographic variation in results.

DESIGN, SETTING, AND PARTICIPANTS A cohort study was conducted with a quasi-experimental
design using actual transaction data from Taco Bell restaurants from calendar years 2007 to 2014 US
restaurants with menu labeling matched to comparison restaurants using synthetic control methods.
Data were analyzed from May to October 2023.

EXPOSURE Menu labeling policies in 6 US jurisdictions.

MAIN OUTCOMES AND MEASURES The primary outcome was calories per transaction. Secondary
outcomes included total and saturated fat, carbohydrates, protein, sugar, fiber, and sodium.
RESULTS The final sample included 2329 restaurants, with menu labeling in 474 (31468 restaurant-
month observations). Most restaurants (94.3%) were located in California. Difference-in-
differences model results indicated that customers purchased 24.7 (95% Cl, 23.6-25.7) fewer calories
per transaction from restaurants in the menu labeling group in the 3- to 24-month follow-up period
vs the comparison group, including 21.9 (95% Cl, 20.9-22.9) fewer calories in the 3- to 12-month
follow-up period and 25.0 (95% Cl, 24.0-26.1) fewer calories in the 13- to 24-month follow-up period.
Changes in the nutrient content of transactions were consistent with calorie estimates. Findings in
California were similar to overall estimates in magnitude and direction; yet, among restaurants
outside of California, no association was observed in the 3- to 24-month period. The outcome of
menu labeling also differed by item category and time of day, with a larger decrease in the number of
tacos vs other items purchased and a larger decrease in calories purchased during breakfast vs other
times of the day in the 3- to 24-month period.

CONCLUSIONS AND RELEVANCE In this quasi-experimental cohort study, fewer calories were
purchased in restaurants with calorie labels compared with those with no labels, suggesting that
consumers are sensitive to calorie information on menu boards, although associations differed by
location.
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Key Points

Question Is providing nutrition
information on menus associated with
calories purchased in a national fast food
restaurant chain?

Findings In this cohort study of 2329
Mexican-inspired fast food restaurants
in 6 US locations, menu labeling was
associated with 25 fewer calories
purchased per transaction in the first 2
years after implementation compared
with those with no labels. Findings were
similar over time, with 22 fewer calories
purchased in the 3- to 12-month
follow-up period and 25 fewer calories
purchased in the 13- to 24-month follow-
up period.

Meaning Menu labeling was linked to
fewer calories purchased over time
compared with no calorie information
on menu boards; these findings suggest
that, in combination with other food
labeling and population-level policies,
menu labeling may be associated with
decreased daily caloric intake.

+ Invited Commentary

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

JAMA Network Open. 2023;6(12):e2346851. doi:10.1001/jamanetworkopen.2023.46851

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024

December 15, 2023 m


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46813&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851

JAMA Network Open | Nutrition, Obesity, and Exercise Menu Labeling and Calories Purchased in Restaurants in a US National Fast Food Chain

Introduction

Calorie labeling is a population-level strategy designed to reduce unhealthy food purchases by
providing nutrition information at the point of selection in retail food environments, with the goal of
supporting customers' ability to accurately evaluate the healthfulness of foods and beverages.! The
information provided by menu labels may thus help people choose lower-calorie meals in restaurant
settings and/or encourage retailers to offer lower-calorie items.? This strategy may yield a reduction
in daily caloric intake and create a positive influence on population-level health outcomes, including
obesity and cardiovascular disease.>

Menu labeling became federal policy as part of the Patient Protection and Affordable Care Act
of 2010, requiring that chain restaurants with 20 or more locations list the caloric value of standard
items on menu boards by May 2018.# Before national rollout, menu labeling requirements were
proposed in more than 40 municipalities and states and implemented in 11 of those areas. Previous
studies have sought to evaluate the association between menu labeling legislation and calories and
nutrients purchased in restaurant settings, with mixed results.® Some studies reported that menu
labeling led to a small decrease in the calories purchased,”'? while other studies found no

13-20 \with substantial variation in results by restaurant type,?' food item category,® and

association,
age group.??

Most prior work has used survey data and lacked sufficient power to detect small changes in
calories purchased.”'>1619.23.24 A faw evaluations have used sales data from chain restaurants, 102>
but this work has several limitations, including limitations in causal inference and generalizability. For
example, Petimar et al'®"" lacked a comparison group when they used sales data from 3 restaurant
chains in Louisiana, Mississippi, and Texas. They found that menu labeling was associated with small
decreases in mean calories purchased after voluntary franchise labeling and nationally mandated
labeling, but their assessment could not account for natural variation in sales over time or unrelated
events that may have affected purchase decisions. Two other studies used sales data to assess menu
labeling laws in New York City and King County, Washington, including legislation requiring calorie
information on drive-through menu boards, and found small changes in calories purchased in New
York City and no changes in King County, Washington, with slightly larger changes for nonbeverage
items and lunch-time purchases at Starbucks locations in New York City.82> Geographic coverage in
these studies, however, was limited and results may not be generalizable to other locations.

We sought to address these limitations by using 9 years of transaction-level sales data from
1280 restaurants in a national chain, including data from restaurants in locations where menu
labeling was implemented before the national rollout and comparison restaurants in which labeling
was never implemented. Using a quasi-experimental design and a difference-in-differences model in
a cohort study, we examined menu labeling and calories purchased per transaction and assessed
potential differences by location, food item category, and time of day.

Methods

Data Sources

We acquired data from 10 575 Taco Bell restaurants in the US, including all unique restaurants that
opened and closed during the study period, representing 5.33 billion transactions from calendar
years 2007 to 2014. Transaction data included the name, number, and price of items purchased,
including customizations; the date, time, and location of the purchase; how the order was placed
(drive-through, eat-in, and takeout); and the type and size of beverages in drive-through
transactions. Menus are standard, so menu offerings do not vary across restaurant locations. Because
we could not assign calories to self-serve beverage purchases in eat-in and takeout transactions, we
excluded beverage data from in-store transactions. Per the Common Rule (45 CFR §46), institutional
review board approval was not sought because this study is not human participant research.
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Reporting followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies.

Between 2007 and 2012, several localities mandated and implemented labeling, including
several states (California, Maine, and Vermont), counties (King County, Washington; Montgomery
County, Maryland; Albany County, New York; Schenectady County, New York; Suffolk County, New
York; Ulster County, New York; and Westchester County, New York), and cities (Philadelphia,
Pennsylvania; and New York City, New York).> We identified dates of menu labeling implementation
using information from the Center for Science in the Public Interest, which tracks such legislative
efforts, legislation source text, peer-reviewed literature, news articles, and direct communication
with Taco Bell (Table 1). For restaurants in Maine and Vermont; Philadelphia, San Francisco, and New
York City; and Albany, Ulster, and Westchester Counties, New York, we either observed incomplete
data or no data, due to the staggered rollout of a new point-of-sales system during the
implementation of menu labeling.

In Montgomery, Suffolk, and Schenectady Counties, and Vermont, the implementation of
calorie labeling on in-store menu boards occurred at the same time as implementation on drive-
through menu boards (Table 1). In California, restaurants were required to implement labeling on
in-store menu boards by January 1, 2011, but the requirement did not extend to drive-through menu
boards until national legislation went into effect in 2018; thus, we excluded drive-through data from
analyses with California restaurants. In restaurants located in King County, Washington, legislation
required the addition of calorie labels to in-store menu boards on December 31, 2008, and to drive-
through menu boards on August 1, 2009. We confirmed that calorie information was added to menu
boards in accordance with the dates of location-specific legislation. For study inclusion, we required
that restaurants have monthly transaction data in the baseline period, which we defined as the 3to 8
months before the date of location- and setting-specific (in-store, drive-through) menu labeling
(n = 474 restaurants) (eTable 1in Supplement 1).

Comparison Group

Restaurants in which labeling was never implemented before national implementation (n = 8441)
were considered eligible for inclusion in the comparison group. We required that comparison
restaurants have at minimum monthly transaction data that matched the data availability of each
restaurant in the menu labeling group during the baseline and 24-month follow-up period, and we
required that all restaurants have complete data on all matching variables (n = 2979).

Table 1. Distribution of Restaurants in Menu Labeling Group and Comparison Group by Location

Date of menu labeling implementation No. (%) No.
Unique comparison Counties, States,
Unique treated Unique eligible restaurants in analysis, comparison comparison
restaurants in comparison No. (% of eligible restaurants in restaurants in
Location Drive-through In-store analysis® restaurants®< comparison) analysis analysis
King County, WA Dec 31, 2008 Aug 1, 2008 3(1.3) 1743 (58.5) 410(23.5) 139 27
Suffolk County, NY Oct 28,2010 Oct 28,2010 16 (3.4) 1519 (51.0) 519 (34.2) 201 31
Schenectady County, NY Sept 12,2010 Sept 12,2010 1(0.2) 1468 (49.3) 100 (6.8) 77 24
Montgomery County, MD Jan1, 2011 Jan1, 2011 3(0.6) 1481 (49.7) 216 (14.6) 101 24
California May 1, 2018¢ Jan1,2011 450 (94.3) 1855 (44.1) 1512 (81.5) 402 34
Vermont May 18, 2012 May 18, 2012 1(0.2) 1313 (62.3) 100 (7.6) 67 21
Overall 477 (100) 2979 (100) 1855 (62.3) 411 34
@ Approximately 0.63% of restaurants were excluded from the analytic sample because labeling; and were also required to have monthly transaction data in the 24-month
of alack of data available in the relevant baseline period (ie, 3-8 months before menu follow-up period. In addition, restaurants were required to have complete data on all
labeling implementation). matching variables.

b Restaurants in which labeling was never implemented before national implementation € The sum of the percentages exceeds 100% because comparison restaurant units can
(n = 5721) were considered eligible for inclusion in the comparison group before be used more than once (ie, replacement).
matching and weighting. For inclusion, comparison restaurants were required to have
monthly transaction data in the baseline period, defined as the 3 to 8 months before
the date of location-specific and setting-specific (in-store, drive-through) menu

d Date of national rollout.
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We used synthetic control methods to construct a comparison unit for each restaurant in the
menu labeling group, using a suite of restaurant- and community-level characteristics (eTable 2 in
Supplement 1). Synthetic control methods allow for the construction of a single synthetic comparison
unit matched to each treatment unit by calculating a weighted average of the outcome variable from
a source of multiple potential comparison units similar to the treated units in the baseline period.26-2%
Thus, each synthetic comparison unit in our study represents a weighted average of data from
multiple restaurants in the potential comparison pool, matched by relative month of implementation
of menu labeling by location. To optimize computational efficiency, we first restricted the pool of
potential comparison restaurants to the 100 most characteristically similar restaurants with
Mahalanobis distance matching, which is an approach to pairing units that have similar covariates on
a Euclidean distance.

For the 474 restaurants in the menu labeling group, we estimated 474 synthetic control units
(with each unit weighted to 1to match the treatment unit), using the tidysynth package in R, version
4.1.2 (R Foundation for Statistical Computing), which was used for all statistical analyses (eMethods
in Supplement 1 provides the code). Restaurant- and community-level characteristics of treatment
and comparison groups were similar between treatment and comparison groups after weighting
(eTable 2 in Supplement 1). In the final analytic sample, comparison restaurants were located in 878
counties in 35 states (Table 1). eFigure 1in Supplement 1 presents a map of the geographic locations
of comparison restaurants by treatment location.

Outcomes

Our primary outcome was mean calories per transaction and secondary outcomes included grams of
total fat, carbohydrates, protein, saturated fat, sugar, and dietary fiber, and milligrams of sodium.
We assigned calories and nutrients to unique menu items (n = 3517) using MenuStat, a nutrition
database of foods and beverages served by national chain restaurants.2® Using both automated and
manual matching of menu items with nutrition information (eMethods in Supplement 1), we matched
more than 95% of total purchased items every quarter.

Statistical Analysis
Data were analyzed from May to October 2023. We excluded data from 2 months before and 2
months after the date of menu labeling implementation to account for variation in the
implementation of menu labeling by restaurant owners and variation in awareness of menu labeling
among customers. We also dropped 4 restaurant-month observations with implausible values of the
primary outcome (<50% of mean calories per transaction per restaurant). We compared the
differences in the calories purchased per transaction before and after menu labeling implementation
between menu labeling and comparison restaurants across all locations using a 2-way fixed effects
regression model, with time modeled as relative month from implementation by location and
calendar month fixed effects to control for seasonality (eMethods in Supplement 1 provides the
equation).3°

Given that approximately 94% of the restaurants in our sample were located in California, we
assessed heterogeneity by location by stratifying our primary model by California and non-California
restaurants. To understand heterogeneity by time of day, we stratified by late night (12:00-3:59 Awm),
breakfast (4:00-10:59 Am), lunch (11:00 Am-1:59 Pm), afternoon (2:00-4:59 pwm), dinner (5:00-8:59
PM), and evening (9:00-11:59 pm). To understand potential mechanisms underlying the response to
calorie labeling, we analyzed count of items transacted per restaurant-month by item category (taco,
burrito, salad, other entree, dessert, and beverage). To understand potential heterogeneity by order
setting, we also stratified by in-store and drive-through orders among the sample of non-California
restaurants. For all analyses, we estimated the average effect size of menu labeling in the 3 to 24
months following menu labeling, using the mean of the monthly difference-in-differences estimates
per period.
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To assess whether results were robust to key model specifications, sensitivity analyses included
reestimating our primary model using (1) no matching, (2) 10- and 12-month baseline periods, and
(3) only restaurants that were open for at least 12, 15, 18, 21, and 24 months following menu labeling
implementation (to address potential treatment effect size heterogeneity over time). We assessed
whether changes to the number of calories of existing menu items may have contributed to the
estimates by comparing mean calories purchased between the baseline and follow-up periods for the
treatment and comparison groups for only the 100 highest-selling items sold in both periods, and
reestimating our primary model excluding items introduced in either period. We used a 2-sided a
level of .05 as the threshold for statistical significance.

Results

The final sample size was 2329 unique restaurants and 31468 restaurant-month observations, with
474 restaurants in the menu labeling group and 474 synthetic control units. The eMethods in
Supplement 1reports changes to sample size for each restriction per group. In the baseline period,
mean (SD) calories per transaction was 1035 (135) in the menu labeling group and 1056 (137) in the
comparison group (Table 2). Taco orders (which could include multiple tacos) represented most sales
by item category (50.9%) (eFigure 2 in Supplement 1). Transactions during lunch (34.6%) and dinner
(27.8%) represented most sales by time of day (eFigure 3 in Supplement 1); the mean (SD) calories
per transaction was highest during dinner (1143 [142]) and evening (1088 [186]).

Changes in calories purchased were approximately parallel between menu labeling and
comparison groups in the baseline period (Figure 1). Customers purchased 24.7 (95% Cl, 25.7-23.6)
fewer calories per transaction from restaurants in the menu labeling group in the 3- to 24-month
follow-up period vs the comparison group, including 21.9 (95% Cl, 20.9-22.9) fewer calories in the
3-month and 25.0 (95% Cl, 24.0-26.1) fewer calories in the 13- to 24-month follow-up periods
(Table 3; eTable 3 in Supplement 1). Changes in the nutrient content of transactions were consistent
with calorie estimates, with small decreases in the amount of each macronutrient and micronutrient
purchased in restaurants in the menu labeling group (eTable 4, eFigure 4 in Supplement 1). Findings
in California were consistent with our overall estimates, with 26.1(95% Cl, 25.0-27.2) fewer calories
purchased in the 3- to 24-month follow-up period (Figure 2). Among non-California restaurants,
however, we observed no association in the 3- to 24-month follow-up period (difference-in-
differences, -1.8; 95% Cl, -71to0 3.5).

We observed a decrease in the total count of items purchased in the menu labeling vs
comparison group in the 3- to 24-month follow-up period (eTable 4 in Supplement 1). The outcomes
of menu labeling differed by food item category and time of day (eFigure 5 and eFigure 6 in
Supplement 1). For example, the decrease in the total count of items purchased per restaurant-
month was larger for tacos in the 3- to 24-month period (difference-in-differences, -723.4; 95% Cl,
-843.9 to -603.0) compared with other food items. Menu labeling of calories purchased during
breakfast hours in the 3- to 24-month period (difference-in-differences, -67.4; 95% Cl, 70.7 to -64.2)
was larger than calories purchased in transactions made during other times of day, and we observed
no association between calories purchased during late night hours in the 3- to 24-month period
(difference-in-differences, -10.3; 95% Cl, -43.4 to 22.8). We also observed that, among
non-California restaurants, menu labeling was associated with fewer calories purchased in the drive-
through setting (difference-in-differences, -13.7; 95% Cl, -17.1 to -10.2) and yet more calories
purchased in the in-store setting (difference-in-differences, 25.2; 95% Cl, 17.9-32.5) vs the
comparison group (eTable 4, eFigure 7 in Supplement 1).

In sensitivity analyses, we found that our results were robust to different baseline periods, the
exclusion of new menu items, and the length of time restaurants were open following menu labeling
implementation (eTable 5, eTable 6, and eFigure 8 in Supplement 1), indicating that restaurant
closures were not associated with our findings. There was no statistically significant difference in the
calorie count of the 100 highest-selling items sold in the baseline vs follow-up periods in the menu

[5 JAMA Network Open. 2023;6(12):2346851. doi:10.1001/jamanetworkopen.2023.46851 December 15, 2023 5/1

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851

Menu Labeling and Calories Purchased in Restaurants in a US National Fast Food Chain

JAMA Network Open | Nutrition, Obesity, and Exercise

“(WD Wd 65:11-00:6) SUIUSAS pue ‘(Wd 65:8-00:G) Jauulp
'(Nd 6S:-00:7) uoouale ‘(Nd 6G:1-WY QO:LL) Ydun| ‘(WY 6S:01-00:P) 1sepiealq ‘(Wv 6S:€-00:2L) WSiu 1e7 r

*A|uo suonoesuel) ySnoiyy-aAlq |

‘suof1oesuel) 4Snoay3-aALp wolj eyep aelanaq sapnpuj

"e1ep 98e19A3q SAPNPXT g

‘Suiyolew [013u0 d13YIUAS Suisn ‘suolIed0| JaY30 10j elep YSnolyi-aALp snid Jueineisal
-ulyym pue ‘Suiydiew 210ds Aysuadoud Supdueleq 3elieAod Suisn ‘eluloyl|eD 104 AJuo elep Jueineisal-ulyim |

“8uljaqe| nuaw d112ads-8UIas pue d112ads-Uo11ed0] JO 33ep 3Y3 J91Je SYILOW 7| 0} € Y3 Se paulya(

‘Buljaqe| nuaw d1y1ads-Buines pue d11Dads-Uo1ed0] JO 33ep 3U3 310437 SYILOW g 03 € 33 Se paulyaq ,

‘YauoLw-uelnelsal Jad pjos Swiay Jo Junod Ues| ,

‘e1ep au3 Jo ainjeu Aseyanidoud auy usAIS 9|qejieAe Jou ale
sagejuadiad ||e Auedwodde 03 s1aquUnu Med 3] “porad Sulpuodsa.10d 3y} Ul Lo1INGLIL0D S3|es Jo 8eIuadiad q

‘uoloesueln Jad SolIojed Ues|\ e

(8607) zz8T (Tv¥0) v1ee (299v) ¥1€T (186%) 69LC LL 18 SL 8 (951)660T  (0ST)8SOT  (£85)00TT  (S8T) 680T BuiuaAg
(608€) 985/ (Tvev) 92v8 (5898) €058 (€922) 8716 T6¢ L8 L'l 8/T (vp1)00ZT  (TET)LPIT  (2ST)TLIT  (T¥D) vPIT Jauuig
(¥T60) 65LY (€09€) 69%5 (8€6¥) €809 (0£29) 9599 6'TC €1¢ ¥'ET 8¢z (IT1) TT0T (10T) 926 (S21) ¥86 (T11) 046 UOOUIRYY
(s0zv) £588 (Lzsv) 6LL6 (tze9) 6756 (1€09) 989 0T 79¢ 69¢ 8€e SveE (€6) 986 (68) 596 (v6) €86 (16) ¥£6 youny
(9211) 6%9 (S6TT) TWL (£STQ) STHT (0941) €€5T Le 6'¢ 9 8's (€11) 916 (521) 006 (6£1) T¥8 (s¥T) 868 isepjealg
(6191) 555 (TsL1) 116G (€£569) €09€ (¥209) Svee 1T T €1 €1 (099) €£¢ () 81¢ (6£6) ST (TSTT) 589 ybiu a3e
/Aep joawi]
(181%) 060 #T (€0zL) 1€0€T (2019) 865 ST (55%9) T#9 ST 1T TT ¥'T ST (8¢€) €1¢ (6) 98¢ (89) tee (6) 88C belanag
(0T£) 1591 (5€4) TS1T (¥€8) LSPT (¥€8) €8L1 ST T'€ ST 6C (91) ¥1¢ (6) €0T (00) ¥1¢ (L1) €0t }49ss3Q
(6567) 81¥6 (Tze) 61201 (6%9¢€) 086/ (6¥5¢€) Tves (44! LYT 8'€T LET (1€) £8% (9¢) 2Ly (0€) 8% (¥€) 9L¥ 33.3U3 J3Y30
(€£€9) €961 (£10T) 025C (¥86) €€LT (Tr¥T) LLYT € 9€ € Tt () 6T (9) 9r1 (¥1) TsT (1) sv1 pejes
(9zov) LTS v (0€S¥) ¥OT 9T (1€89) 1891 (6519) 91+ 9T 6'TC Tee §'SC 6'9¢ (€T) 6S¥ (6) Sst (¥1) 0S¥ (T1) Lv¥ ojLung
(9£T6) 9¥T 8€ (T116) €08£E  (1T00TT)9860¢  (08TTT)9E0TE v'LS Az L'€S 6°0S (9) 912 (9) zee (L) vie (9) 0TT 0de]
A10633ed Way|
(00922)v7968  (c€€v) tL68L  (€vTLD)¥5TS6  (L1€£97) €5886 791 8'GT 09T 66T (Ter)seer  (CeT)¥6ET  (0TT)96ET  (VET) €6ET  BIUIOIED-UON
(T9T#1) 69159  (T¥S+1)89689  (0TT07) 96955  (E£10T) 1ST6S 9'€8 T8 078 S¥8  (S0T) 60T (6)st0T  (0TT) T2oT  (0OT) #T0T seIlIojIe)
uoled07
(P€¥91) 08999  (€ST8T)0¥969  (TeLT2) Lv18S  (668C7) 0T619 00T 00T 00T 00T (T€1)£90T  (2eT)9€0T  (GET) T¥OT  (SET) GEOT AIEN)
dn-mojjo4 auljaseg dn-mojjo4 aunaseg dn-mojjo4 aunaseg dn-mojjo4 aunaseg dn-mojjo4 auljaseg sdn-mojo4 pauljaseq dlqeriep

dnoib uostiedwo)

Bunaqe) nuapy

dnoub uosiiedwo)

Bunaqe) nuapy

dnoib uosiiedwo)

bunaqe) nuapy

,(@s) ueaw ‘p1os swayl Jo Juno)

‘sa)es abejuadund

«(as) ueaw ‘sariore)

Aeq jo awi) pue 'A10891) W) ‘UoNEI0T AQ pPUE ||BIBAQ 'SUOIIDESUR] JO SO1IS1Ie1S dANdIIDSeQ "Z 91qeL

6/

December 15,2023

10.1001/jamanetworkopen.2023.46851

[5 JAMA Network Open. 2023;6(12):e2346851. doi

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024



JAMA Network Open | Nutrition, Obesity, and Exercise Menu Labeling and Calories Purchased in Restaurants in a US National Fast Food Chain

labeling and comparison group restaurants (eTable 7 in Supplement 1), suggesting our results were
likely not associated with product reformulation (eg, reducing calorie count of popular items in
response to menu labeling implementation).

Discussion

Calorie labeling policies may have the potential to facilitate small behavioral changes in diets. In our
study, we found that implementation of menu labeling in restaurants led to approximately 25 fewer
calories purchased per transaction over a 2-year follow-up period compared with restaurants in areas
with no such legislation. This finding differed by location and order setting, with fewer calories
purchased in California, where menu labeling was only implemented in the interior of restaurants,
and also in drive-through transactions in non-California restaurants and, in contrast, relatively more
calories purchased inside of non-California restaurants in the menu labeling group. This could reflect
differences in customer responses by region, which differ in terms of customer attitudes to calorie
labels and order setting, where the presentation and awareness of calorie labels may differ. We plan

Figure 1. Difference-in-Differences (DID) Estimates of Calories Purchased per Transaction After Implementation
of Menu Labeling, Overall

DID, first year (95% Cl) DID, second year (95% Cl) DID, postperiod (95% Cl)
-19.2(-20.2t0 -18.2) -29.2 (-30.4 to -28.0) -24.6 (-25.7 t0 -23.6)
12007 400 Menu labeling
1150 @® Comparison group
® Treated group
1100+ 300 Difference between
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850
LR R e i P D o
7501 1 ;
700 T T -100
-2 -9 -6 -3 3 6 9 12 15 18 21 24
Month

Table 3. Difference-in-Differences Estimates of Calories Purchased per Transaction After Implementation
of Menu Labeling, Overall and by Location

3- to 24-mo Follow-up period, average monthly effect size, B (95% Cl)?

Difference, menu labeling Difference, comparison
Variable restaurants® restaurants® Difference-in-differences?
Overall -0.8(-2.9t0 1.3) 23.9(22.8t024.9) -24.7 (-25.7 t0 -23.6)
California® 9.8(7.9t011.7) 35.9(35.1t036.7) -26.1(-27.2t0 -25.0)
Non-California’ ~ -29.7 (-39.0t0o -20.4) -27.9(-31.9t0 -23.9) -1.8(-7.1t03.5)

2 Defined as the 3 to 24 months after the date of location-specific and setting-specific menu labeling.

b Estimates represent the difference between the average calories purchased per transaction during the baseline period
and the average calories purchased per transaction in the 3- to 24-month follow-up period for the menu labeling group
(difference 1).

© Estimates represent the difference between the average calories purchased per transaction during the baseline period
and the average calories purchased per transaction in the 3- to 24-month follow-up period for the comparison group
(difference 2).

d Represents the difference between the differences for the menu labeling group and the comparison group, averaged
over the 3- to 24-month follow-up period.

€ Excludes beverage data.

f Includes beverage data from drive-through.
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to examine such differences in a future analysis by evaluating the national rollout of menu labeling
legislation, when the implementation of menu labeling was extended to the drive-through setting of
California restaurants. The lack of beverage data for in-store transactions may have also informed
our results, since changes in beverage transactions in response to menu labeling may also differ

by region.

In terms of food item categories, the changes observed with menu labeling appear to have been
associated with fewer calories purchased from taco orders, the categories with the largest sales. Taco
restaurants allow customers to customize orders, which could be one way customers reduced
calories, in addition to reducing the type or number of items ordered. We also observed differences
by time of day, with greater differences during breakfast hours, and no substantial change during late
night hours. These results suggest that customers who purchase meals at off-peak times of day may
differ from those who frequent the same restaurants during peak hours, potentially with different
attitudes or perceptions about the energy density of meal options.

Two previous quasi-experimental studies analyzed sales data with mixed results.®2> Using retail
data from 14 Taco Time locations in King County, Washington, Finkelstein et al>® found that calories
purchased did not change after calorie information was posted on drive-through menu boards. In
contrast, Bollinger et al® used Starbucks data to analyze menu labeling in New York City and found
customers ordered 15 fewer calories in the year after implementation, which is consistent with our
results. Both studies, however, were limited by their narrow geographic coverage and relatively short
follow-up periods. Our results are also consistent with labeling in other settings, such as a workplace
cafeteria labeling program (approximately 20 fewer calories purchased) and calorie labeling of
prepared foods in supermarkets (eg, approximately 10-18 fewer calories purchased).3"*? In a pair of
studies using an interrupted time-series design, Petimar et al'®"!
restaurants in the southern US and found that labeling was associated with a decrease in calories
purchased 2 years after franchise labeling and 1year after nationwide labeling (approximately 43-73
calories), which is relatively larger than our effect sizes. These studies, however, did not have
comparison groups, which makes it difficult to eliminate potential bias.

analyzed sales data from 3 chain

Limitations

Our study has several limitations. We lacked data related to food intake and were not able to observe
the number of people per transaction. Other work, though, has shown that virtually all food
purchased in fast food restaurants is consumed.'® These limitations are also a necessary trade-off of

Figure 2. Difference-in-Differences (DID) Estimates of Calories Purchased per Transaction
After Implementation of Menu Labeling, by Location

Location DID, first year (95% CI) DID, second year (95% Cl) DID, postperiod (95% CI)
California -20.9(-21.9t0-19.9) -30.4 (-31.6t0-29.2) -26.1(-27.2t0-25.0)
Non-California 9.4(4.4t014.4) -11.1(-16.7 to -5.5) -1.8(-7.1t0-3.5)

60 .
Location

Non-California
404 (n=24)?
California

20 (n=450)

8
5 \/\/
8 20
-40
_60,
_80 2 Non-California locations were King County,
2 4 6 8 10 12 14 16 18 20 22 24 Washington; Montgomery County, Maryland; Suffolk
Month and Schenectady Counties, New York; and Vermont.
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having a rich and large set of objective data. Another weakness was that we could not determine the
type or number of refills for self-serve fountain beverages, and thus excluded beverage purchases
from eat-in and take-out orders. Our matching approach may be biased if comparison restaurants
differed in unobserved ways related to menu labeling.

Conclusions

Our analysis adds to a growing body of evidence that suggests people adjust their food choices based
on calorie labels. Small decreases in calories purchased could lead to small population-level
improvements in health,3® especially in combination with other types of healthy eating policies (eg,
nutrition warning labels), and labeling across multiple types of retailers may lead to even larger
decreases in daily calories purchased over an extended period. In the future, it will be important to
consider additional distributional outcomes of menu labeling legislation to estimate whether the
policy impact is greater among subgroups of the population. Previous work, for example, suggests
that outcomes associated with menu labeling may differ by age group and income.’®3# It will also be
necessary to examine the differential impact of menu labeling by restaurant setting (eg, sit-down
restaurants), where the use of calorie information may differ, and whether changes to the design and
placement of calorie information provide additional benefits.

ARTICLE INFORMATION
Accepted for Publication: October 23, 2023.

Published: December 15, 2023. doi:10.1001/jamanetworkopen.2023.46851

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Rummo PE
et al. JAMA Network Open.

Corresponding Author: Brian Elbel, PhD, MPH, Section on Health Choice, Policy and Evaluation, Department of
Population Health, New York University School of Medicine, 180 Madison Ave, 3rd Floor, New York, NY 10016 (brian.
elbel@nyulangone.org).

Author Affiliations: Department of Population Health, New York University Grossman School of Medicine, New
York (Rummo, Wu, Heng, Hafeez, Bragg, Jones, Elbel); Steinhardt School of Culture, Education, and Human
Development, New York University, New York (Mijanovich, Elbel); Wagner Graduate School of Public Service, New
York University, New York (Weitzman).

Author Contributions: Dr Elbel had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Rummo, Bragg, Jones, Weitzman, Elbel.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Rummo, Bragg, Jones, Elbel.

Critical review of the manuscript for important intellectual content: All authors.
Statistical analysis: Mijanovich, Wu, Heng, Hafeez, Jones, Elbel.

Obtained funding: Bragg, Elbel.

Administrative, technical, or material support: Wu, Heng, Hafeez, Weitzman, Elbel.
Supervision: Rummo, Bragg, Elbel.

Conflict of Interest Disclosures: None reported.

Funding/Support: This work was supported by the National Heart, Lung, and Blood Institute of the National
Institutes of Health (grant 5ROTHL147474).

Role of the Funder/Sponsor: The National Heart, Lung, and Blood Institute had no role in the design and conduct
of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of
the manuscript; and decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

[5 JAMA Network Open. 2023;6(12):2346851. doi:10.1001/jamanetworkopen.2023.46851 December 15, 2023 9m

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
mailto:brian.elbel@nyulangone.org
mailto:brian.elbel@nyulangone.org
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.46851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851

JAMA Network Open | Nutrition, Obesity, and Exercise Menu Labeling and Calories Purchased in Restaurants in a US National Fast Food Chain

REFERENCES
1. Roberto CA, Schwartz MB, Brownell KD. Rationale and evidence for menu-labeling legislation. Am J Prev Med.
2009;37(6):546-551. doi:10.1016/j.amepre.2009.07.015

2. Rincén-Gallardo P S, Zhou M, Da Silva Gomes F, et al. Effects of menu labeling policies on transnational
restaurant chains to promote a healthy diet: a scoping review to inform policy and research. Nutrients. 2020;12
(6):1544. doi:10.3390/nu12061544

3. Liu J, Mozaffarian D, Sy S, et al; FOOD-PRICE (Policy Review and Intervention Cost-Effectiveness) Project.
Health and economic impacts of the national menu calorie labeling law in the United States: a microsimulation
study. Circ Cardiovasc Qual Outcomes. 2020;13(6):e006313. doi:10.1161/CIRCOUTCOMES.119.006313

4. Food and Drug Administration, HHS. Food labeling; nutrition labeling of standard menu items in restaurants and
similar retail food establishments. Final rule. Fed Regist. 2014;79(230):71155-71259.

5. Center for Science in the Public Interest. Menu labeling timeline: an infographic. cspinet.org. 2017. Accessed
March 2, 2023. https://cspinet.org/resource/menu-labeling-timeline

6. Bleich SN, Economos CD, Spiker ML, et al. A systematic review of calorie labeling and modified calorie labeling
interventions: impact on consumer and restaurant behavior. Obesity (Silver Spring). 2017;25(12):2018-2044. doi:
10.1002/0by.21940

7. Auchincloss AH, Mallya GG, Leonberg BL, Ricchezza A, Glanz K, Schwarz DF. Customer responses to mandatory
menu labeling at full-service restaurants. Am J Prev Med. 2013;45(6):710-719. doi:10.1016/j.amepre.2013.07.014

8. Bollinger B, Leslie P, Sorensen A. Calorie posting in chain restaurants. Am Econ J Econ Policy. 2011;3(1):91-128. doi:10.
1257/pol.31.91

9. GeL, Behnke C, Almanza B. An evaluation of three nutrition labeling formats for restaurant menus. FIU Hosp
Rev J. 2014;31(3):6.

10. Petimar J, ZhangF, Cleveland LP, et al. Estimating the effect of calorie menu labeling on calories purchased in
a large restaurant franchise in the southern United States: quasi-experimental study. BMJ. 2019;367:15837. doi:10.
1136/bm;.I5837

11. Petimar J, Zhang F, Rimm EB, et al. Changes in the calorie and nutrient content of purchased fast food meals
after calorie menu labeling: a natural experiment. PLoS Med. 2021;18(7):e1003714. doi:10.1371/journal.pmed.
1003714

12. Pulos E, Leng K. Evaluation of a voluntary menu-labeling program in full-service restaurants. Am J Public
Health. 2010;100(6):1035-1039. doi:10.2105/AJPH.2009.174839

13. Downs JS, Wisdom J, Wansink B, Loewenstein G. Supplementing menu labeling with calorie recommendations
to test for facilitation effects. Am J Public Health. 2013;103(9):1604-1609. doi:10.2105/AJPH.2013.301218

14. Dumanovsky T, Huang CY, Nonas CA, Matte TD, Bassett MT, Silver LD. Changes in energy content of lunchtime
purchases from fast food restaurants after introduction of calorie labelling: cross sectional customer surveys.
BMJ. 2011;343:d4464. doi:10.1136/bmj.d4464

15. Elbel B, Gyamfi J, Kersh R. Child and adolescent fast-food choice and the influence of calorie labeling: a natural
experiment. Int J Obes (Lond). 2011;35(4):493-500. doi:10.1038/ijo.2011.4

16. Elbel B, Kersh R, Brescoll VL, Dixon LB. Calorie labeling and food choices: a first look at the effects on
low-income people in New York City. Health Aff (Millwood). 2009;28(6):w1110-w1121. doi:10.1377/hlthaff.28.
6.w1110

17. Holmes AS, Serrano EL, Machin JE, Duetsch T, Davis GC. Effect of different children’s menu labeling designs on
family purchases. Appetite. 2013;62:198-202. doi:10.1016/j.appet.2012.05.029

18. Schwartz J, Riis J, Elbel B, Ariely D. Inviting consumers to downsize fast-food portions significantly reduces
calorie consumption. Health Aff (Millwood). 2012;31(2):399-407. doi:10.1377/hlthaff.2011.0224

19. Tandon PS, Zhou C, Chan NL, et al. The impact of menu labeling on fast-food purchases for children and
parents. Am J Prev Med. 2011;41(4):434-438. doi:10.1016/j.amepre.2011.06.033

20. Hobin E, Weerasinghe A, Schoer N, et al. Efficacy of calorie labelling for alcoholic and non-alcoholic beverages
on restaurant menus on noticing information, calorie knowledge, and perceived and actual influence on
hypothetical beverage orders: a randomized trial. Can J Public Health. 2022;113(3):363-373. doi:10.17269/s41997-
021-00599-0

21. Krieger JW, Chan NL, Saelens BE, Ta ML, Solet D, Fleming DW. Menu labeling regulations and calories
purchased at chain restaurants. Am J Prev Med. 2013;44(6):595-604. doi:10.1016/j.amepre.2013.01.031

22. Petimar J, Ramirez M, Rifas-Shiman SL, et al. Evaluation of the impact of calorie labeling on McDonald's
restaurant menus: a natural experiment. Int J Behav Nutr Phys Act. 2019;16(1):99. doi:10.1186/512966-019-0865-7

[5 JAMA Network Open. 2023;6(12):2346851. doi:10.1001/jamanetworkopen.2023.46851 December 15,2023 10/1

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024


https://dx.doi.org/10.1016/j.amepre.2009.07.015
https://dx.doi.org/10.3390/nu12061544
https://dx.doi.org/10.1161/CIRCOUTCOMES.119.006313
https://www.ncbi.nlm.nih.gov/pubmed/25438344
https://cspinet.org/resource/menu-labeling-timeline
https://dx.doi.org/10.1002/oby.21940
https://dx.doi.org/10.1016/j.amepre.2013.07.014
https://dx.doi.org/10.1257/pol.3.1.91
https://dx.doi.org/10.1257/pol.3.1.91
https://dx.doi.org/10.1136/bmj.l5837
https://dx.doi.org/10.1136/bmj.l5837
https://dx.doi.org/10.1371/journal.pmed.1003714
https://dx.doi.org/10.1371/journal.pmed.1003714
https://dx.doi.org/10.2105/AJPH.2009.174839
https://dx.doi.org/10.2105/AJPH.2013.301218
https://dx.doi.org/10.1136/bmj.d4464
https://dx.doi.org/10.1038/ijo.2011.4
https://dx.doi.org/10.1377/hlthaff.28.6.w1110
https://dx.doi.org/10.1377/hlthaff.28.6.w1110
https://dx.doi.org/10.1016/j.appet.2012.05.029
https://dx.doi.org/10.1377/hlthaff.2011.0224
https://dx.doi.org/10.1016/j.amepre.2011.06.033
https://dx.doi.org/10.17269/s41997-021-00599-0
https://dx.doi.org/10.17269/s41997-021-00599-0
https://dx.doi.org/10.1016/j.amepre.2013.01.031
https://dx.doi.org/10.1186/s12966-019-0865-7

JAMA Network Open | Nutrition, Obesity, and Exercise Menu Labeling and Calories Purchased in Restaurants in a US National Fast Food Chain

23. Cantor J, Torres A, Abrams C, Elbel B. Five years later: awareness of New York City's calorie labels declined,
with no changes in calories purchased. Health Aff (Millwood). 2015;34(11):1893-1900. doi:10.1377/hlthaff.
2015.0623

24. Elbel B, Mijanovich T, Dixon LB, et al. Calorie labeling, fast food purchasing and restaurant visits. Obesity (Silver
Spring). 2013;21(11):2172-2179. doi:10.1002/0by.20550

25. Finkelstein EA, Strombotne KL, Chan NL, Krieger J. Mandatory menu labeling in one fast-food chain in King
County, Washington. Am J Prev Med. 2011;40(2):122-127. doi:10.1016/j.amepre.2010.10.019

26. Abadie A. Using synthetic controls: feasibility, data requirements, and methodological aspects. J Econ Lit.
2021;59(2):391-425. doi:10.1257/jel.20191450

27. Abadie A, Diamond A, Hainmueller J. Synthetic control methods for comparative case studies: estimating the
effect of California’s tobacco control program. J Am Stat Assoc. 2010;105(490):493-505. doi:10.1198/jasa.
2009.ap08746

28. Abadie A, Gardeazabal J. The economic costs of conflict: a case study of the Basque Country. Am Econ Rev.
2003;93(1):113-132. doi:10.1257/000282803321455188

29. New York City Department of Health and Mental Hygiene. MenuStat interactive restaurant nutrition database.
2018. Accessed March 2, 2023. http://www.menustat.org

30. WingC, Simon K, Bello-Gomez RA. Designing difference in difference studies: best practices for public health
policy research. Annu Rev Public Health. 2018;39:453-469. doi:10.1146/annurev-publhealth-040617-013507

31. Petimar J, Grummon AH, Zhang F, et al. Assessment of calories purchased after calorie labeling of prepared
foods in a large supermarket chain. JAMA Intern Med. 2022;182(9):965-973. doi:10.1001/jamainternmed.
2022.3065

32. Vanderlee L, Hammond D. Does nutrition information on menus impact food choice? comparisons across two
hospital cafeterias. Public Health Nutr. 2014;17(6):1393-1402. doi:10.1017/S136898001300164X

33. Hall KD, Sacks G, Chandramohan D, et al. Quantification of the effect of energy imbalance on bodyweight.
Lancet. 2011;378(9793):826-837. doi:10.1016/S0140-6736(11)60812-X

34. Restrepo BJ. Calorie labeling in chain restaurants and body weight: evidence from New York. Health Econ.
2017;26(10):1191-1209. doi:10.1002/hec.3389

SUPPLEMENT 1.

eTable 1. Number of Restaurants Open in Menu Labeling Group and Comparison Group, by Location and Months
Open After Menu Labeling

eTable 2. Restaurant-Level and Community-Level Characteristics of Menu Labeling and Comparison Restaurants,
Overall and by Location, Unweighted and Weighted

eTable 3. Difference-in-Differences Estimates of Calories Purchased per Transaction After Implementation of
Menu Labeling, by Month

eTable 4. Difference-in-Differences Model Estimates of Calories and Count of Items Purchased per Transaction
After Implementation of Menu Labeling, by Location, Item Category, Time of Day, Nutrients, and Order Setting
eTable 5. Difference-in-Differences Model Estimates of Calories Purchased per Transaction After Implementation
of Menu Labeling, Sensitivity Analyses

eTable 6. Difference-in-Differences Model Estimates of Calories Purchased per Transaction After Implementation
of Menu Labeling, by Months Open After Menu Labeling

eTable 7. Change in Calories of Top 100 High-Selling Items in Menu Labeling Group and Comparison Group
eFigure 1. Map of the Locations of the Restaurants in the Menu Labeling Group and Comparison Group in the Final
Sample

eFigure 2. Percentage Sales by Food Category, Menu Labeling Group, and Comparison Group Combined

eFigure 3. Percentage Sales by Time of Day, Menu Labeling Group, and Comparison Group Combined

eFigure 4. Difference-in-Differences Model Estimates, by Absolute Nutrient Content

eFigure 5. Difference-in-Differences Model Estimates, by Food Category

eFigure 6. Difference-in-Differences Model Estimates, by Time of Day

eFigure 7. Difference-in-Differences Model Estimates, by Order Setting

eFigure 8. Difference-in-Differences Model Estimates of Calories Purchased per Transaction After Implementation
of Menu Labeling, by Months Open After Menu Labeling

eMethods. Supplementary Description of Matching Procedures and Statistical Analyses

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2023;6(12):2346851. doi:10.1001/jamanetworkopen.2023.46851 December 15,2023 nm

Downloaded from jamanetwork.com by Severo Rodriguez on 01/10/2024


https://dx.doi.org/10.1377/hlthaff.2015.0623
https://dx.doi.org/10.1377/hlthaff.2015.0623
https://dx.doi.org/10.1002/oby.20550
https://dx.doi.org/10.1016/j.amepre.2010.10.019
https://dx.doi.org/10.1257/jel.20191450
https://dx.doi.org/10.1198/jasa.2009.ap08746
https://dx.doi.org/10.1198/jasa.2009.ap08746
https://dx.doi.org/10.1257/000282803321455188
http://www.menustat.org
https://dx.doi.org/10.1146/annurev-publhealth-040617-013507
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2022.3065&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2022.3065&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.46851
https://dx.doi.org/10.1017/S136898001300164X
https://dx.doi.org/10.1016/S0140-6736(11)60812-X
https://dx.doi.org/10.1002/hec.3389

