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ABSTRACT
Background Accurate, readily accessible, and easy-to-understand nutrition labeling is
a promising policy strategy to address poor diet quality and prevent obesity.
Objective This study projected the influence of nationwide implementation of sugar-
sweetened beverage (SSB) warning labels and restaurant menu labeling regulations.
Design A stochastic microsimulation model was built to estimate the influences of SSB
warning labels and menu labeling regulations on daily energy intake, body weight, body
mass index, and health care expenditures among US adults.
Participants/setting The model used individual-level data from the National Health
and Nutrition Examination Survey, Medical Expenditure Panel Survey, and other vali-
dated sources.
Statistical analyses performed The model was simulated using the bootstrapped
samples, and the means and associated 95% CIs of the policy effects were estimated.
Results SSB warning labels and restaurant menu labeling regulations were estimated to
reduce daily energy intake by 19.13 kcal (95% CI 18.83 to 19.43 kcal) and 33.09 kcal (95%
CI 32.39 to 33.80 kcal), body weight by 0.92 kg (95% CI 0.90 to 0.93 kg) and 1.57 kg (95%
CI 1.54 to 1.60 kg), body mass index by 0.32 (95% CI 0.31 to 0.33) and 0.55 (95% CI ¼0.54
to 0.56), and per-capita health care expenditures by $26.97 (95% CI $26.56 to $27.38)
and $45.47 (95% CI $44.54 to $46.40) over 10 years, respectively. The reduced per-capita
health care expenditures translated into an annual total medical cost saving of $0.69
billion for SSB warning labels and $1.16 billion for menu labeling regulations. No
discernable policy effect on all-cause mortality was identified. The policy effects could
be heterogeneous across population subgroups, with larger effects in men, non-
Hispanic Black adults, and younger adults.
Conclusions SSB warning labels and menu labeling regulations could be effective
policy leverage to prevent weight gains and reduce medical expenses attributable to
adiposity.
J Acad Nutr Diet. 2021;-(-):---.
T
HE OBESITY EPIDEMIC HAS CONTINUED TO WORSEN
in the United States over the past few decades,
despite growing public awareness of the problem.1

The obesity rate among US adults increased from
30.5% in 1999-2000 to 42.4% in 2017-2018.2 Mounting evi-
dence shows that obesity increases the risk of non-
communicable chronic diseases, such as type 2 diabetes,
cardiovascular disease, and certain types of cancer,3 and is
associated with an estimated 2 to 20 years of reduced life
expectancy.4,5 The physical toll of obesity is accompanied by
the substantial economic burden on individuals, families, and
society, which was estimated to be 9.3% of the nation’s gross
domestic product.6 Obesity was declared a chronic disease by
the World Obesity Federation and other authoritative health
organizations after decades of controversy.7

At the population level, obesity is believed to be the
consequence of a chronic energy imbalance in calorie intake
and expenditure.8,9 However, individual-level weight-loss
interventions are frequently unsuccessful in the long term,
likely due to lacking supportive policies in the environment.10

The World Health Organization acknowledges that
population-based policies that make healthier dietary choices
available are among the fundamental strategies in supporting
individual behavioral changes.11 Despite the recognition of
the importance of government actions in combating obesity,
few obesity prevention policies have been implemented in
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RESEARCH SNAPSHOT

Research Question:What are the estimated policy impacts of
nationwide implementation of sugar-sweetened beverage
warning labels and menu labeling regulations applied to
chain restaurants?

Key Findings: Sugar-sweetened beverage warning labels and
restaurant menu labeling regulations were estimated to
reduce daily energy intake by 19.13 and 33.09 kcal, body
weight by 0.92 and 1.57 kg, body mass index by 0.32 and
0.55, and per-capita health care expenditures by $26.97 and
$45.47 over 10 years, respectively. The reduced per-capita
health care expenditures translated into an annual total
medical cost saving of $0.69 billion for sugar-sweetened
beverage warning labels and $1.16 billion for menu labeling
regulations. The policy effects could be heterogeneous, with
larger effects in men, non-Hispanic Black adults, and younger
adults.
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the United States. Related to this void is a lack of consensus
on effective policy strategies.12

A low-cost but potentially controversial form of nutrition
labeling is sugar-sweetened beverage (SSB) warning labels.
SSBs are a primary source of added sugars in the American
diet. About half of US adults drink SSBs on a given day, with an
average consumption of 145 kcal from SSBs daily.13 SSB con-
sumption is closely linked to obesity and other adverse health
conditions (eg, diabetes and dental decay) from large-scale
epidemiologic studies.14-16 Over the past 5 years, multiple
state legislatures have attempted to apply lessons learned
from the tobacco warning labels to develop and implement
warning labels for SSBs.17 Both text- and image-based tobacco
warning labels demonstrated effectiveness at educating con-
sumers about smoking risks and reducing tobacco consump-
tion, likely through increased consumer knowledge about
health risks of smoking and negative emotional responses to
the warnings.18,19 The legislation has met with resistance from
the food and beverage industry.17 In February 2014, the Sugar-
Sweetened Beverages Safety Warning Act was introduced in
California. The Act proposed to prohibit the sales of SSBs in a
sealed beverage container or as a multipack unless carrying a
prescribed safety warning message about the adverse health
risks of SSB consumption.20 However, this bill failed to
advance. Another attempt to implement the SSB warning la-
bels occurred in early 2019 with the reintroduction of the
Sugar-Sweetened Beverages Safety Warning Act, but to date,
this bill had not yet been passed into law.21 Similar bills have
been introduced in other states (eg, New York, Vermont,
Hawaii, and Washington), but none have been passed so far.22

Nevertheless, emerging literature suggests that SSB warning
labels could be effective in reducing SSB purchases and con-
sumption.22-29 These studies, conducted in a lab, online, or
naturalistic environment, found that warning labels changed
participants’ perceptions of SSB products, raised awareness of
the health risks, and modified their purchase preferences.
Critical drivers of increased energy intake include a food

system that has produced massive, highly processed foods and
marketed them effectively.12 Nutrition labels that contain ac-
curate, readily accessible, and easy-to-understand nutritional
and energy information are a simple, low-cost, potentially
effective way to counteract the obesogenic food environment.30

The presumption is that nutrition information will guide in-
dividuals to select healthier foods and consume the appropriate
amount of energy for weight management.31 Although nutri-
tion labeling has been mandated on packaged foods in the
United States for decades, it was not generally made available to
consumers for foods in chain restaurants and similar retail food
establishments until very recently.32 Americans consume more
than one-third of their calories away from home, and frequently
eating out is associated with increased energy intake.33,34 The
federal menu labeling provisions of Section 4205 of the Patient
Protection and Affordable Care Act required certain chain res-
taurants and other similar retail food establishments with 20 or
more locations to offer energy and other nutrition information
for menu items.35 This requirement, finalized by the Food and
Drug Administration (FDA), took effect May 7, 2018.35 According
to four systematic reviews and meta-analyses, evidence on the
effectiveness of the FDAmenu labeling has been mixed, with an
overall small reduction in calories ordered or purchased per
meal under some contexts and the effect may differ by indi-
vidual sociodemographics.36-39
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Dietary habits and obesity risk differ substantially across
population subgroups. For instance, on average, men and
younger adults consume more calories per day than women
and older adults.40 Young adults and non-Hispanic Black
adults consume more SSBs and chain restaurant foods than
older adults and non-Hispanic White adults.41,42 The obesity
prevalence among non-Hispanic Black and Hispanic adults is
higher than among non-Hispanic White and Asian adults.43

Given those profound sociodemographic disparities, it is
likely that SSB warning labels and menu labeling regulations
exert heterogeneous influences on population subgroups.
The present study aimed to project the policy impacts of a

nationwide adoption of SSB warning labels and menu-
labeling regulations in US adults. To our knowledge, this
study is the first head-to-head comparison of the projected
impacts of two promising nutrition labeling strategies on the
national scale. We focused on these two policy strategies
because they were low-cost, scalable, and potentially effec-
tive, making them ideal candidates for population-level
obesity interventions. The projected impacts of the two
nutrition labeling policies on daily energy intake, body
weight status, and health care expenditures were estimated
using a microsimulation model, based on individual-level
data from two nationally representative surveys and other
validated data sources. The strength of this systems science
approach was that it used real rather than simulated
individual-level data. We estimated the policy effects specific
to population subgroups by sex, age group, and race/
ethnicity. Findings from this study could facilitate evidence
building concerning policy leverages for reducing obesity and
fueling the momentum to promote a healthier food
environment.

MATERIALS AND METHODS
Overview of Microsimulation Model
We used stochastic microsimulation modeling to estimate
the effects of nationwide implementation of SSB warning
labels and menu labeling regulations on daily energy intake,
body weight, body mass index (BMI), and health care ex-
penditures. Microsimulation is a systems science approach
-- 2021 Volume - Number -
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that examines behaviors and outcomes resulting from in-
teractions among multiple system components over
time.44,45 Originated from applications to problems in the
physical sciences,46 the microsimulation model has been
increasingly applied to other areas primarily due to its ca-
pacity to integrate large amounts of data from diverse sources
and model complex interactions among determinants of
policy outcomes at different levels, such as macro-
determinants (eg, demographic, social, political, or eco-
nomic trends), institutional determinants (eg, government
regulations or programs), local determinants (eg, neighbor-
hood physical environment), and individual determinants
(eg, personal characteristics, choices, or actions).47,48 Micro-
simulation models are well positioned to simulate the health
and social outcomes of a policy or phenomenon that has not
manifested in a specific setting.48,49

Figure 1 shows the flowchart of the microsimulation
model. The model consisted of two experimental conditions
(ie, SSB warning labels and menu labeling regulations) and
one control condition (ie, without an intervention). Simu-
lated study participants came from multiple waves of the
National Health and Nutrition Examination Survey
(NHANES). The three main outcomes were change in daily
calorie intake, cumulative change in body weight and BMI,
and cumulative change in health care expenditures. The
model simulated a 10-year horizon, in which study partici-
pants were subject to an annual sex-, age-, and race/
ethnicity-specific mortality risk moderated by their
adiposity status. Under the two experimental conditions,
study participants’ daily consumption of SSBs or chain
restaurant foods decreased due to the policy interventions,
resulting in a reduction in daily energy intake, and subse-
quently, body weight, BMI, and health care expenditures
attributable to adiposity. Under the control condition, study
participants’ daily consumption of SSBs or chain restaurant
foods remain unchanged, and their body weight trajectory
only evolved with age. Contrasting the outcomes between
the experimental and the control conditions yielded the
estimated effects of the policy interventions.

Agents
NHANES is a program of studies conducted by the National
Center for Health Statistics to evaluate the nutritional and
Figure 1. Flowchart of the microsimulation model.
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health status of children and adults.50 NHANES adopted a
multistage probability sampling design to recruit a nationally
representative sample of civilian, noninstitutionalized US
children and adults, with oversampling of specific population
subgroups. NHANES participants who satisfied the following
criteria served as agents in the microsimulation model: being
aged 18 years and older, not being pregnant at the time of the
interview, having completed at least one of the two 24-hour
dietary recalls, and being interviewed in the NHANES 2003-
2018 waves.
Daily Energy Intake from SSBs and Chain Restaurant
Foods
During the 2003-2018 waves, NHANES participants were
administered two 24-hour dietary recalls. Both recalls asked
about all food items and the associated quantities consumed
from midnight to midnight the day before the interview.
Trained dietary interviewers conducted the first recall inter-
view in-person during the health examination in the mobile
examination center. After the interview, participants were
provided with measuring cups, spoons, a ruler, and a food
model booklet containing two-dimensional drawings of the
various measuring guides. The second recall was collected by
telephone approximately 3 to 10 days after the mobile ex-
amination center exam. The calorie and nutrient contents of
each food item were coded using the US Department of
Agriculture Food and Nutrient Database for Dietary Studies
(FNDDS). The NHANES dietary recall data recorded energy
intake for each consumed food or beverage item based on the
quantity of food/beverage reported and the corresponding
energy contents.
According to the Centers for Disease Control and Preven-

tion and the Dietary Guidelines for Americans 2015-
2020,40,51 SSBs include sugar-sweetened carbonated bever-
ages, fruit drinks, energy drinks, sports drinks, and sweet-
ened bottled waters. By contrast, diet drinks are sugar-free,
zero-calorie, or low-calorie drinks commonly sweetened by
nonnutritive sweeteners.52 To identify SSB consumption and
differentiate it from the consumption of diet drinks, we sys-
tematically reviewed all FNDDS codes used in An53 and the
Center for Health Metrics and Evaluation of the American
Heart Association.54 We identified a total of 37 unduplicated
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 3
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FNDDS codes concerning SSBs and another 154 concerning
diet drinks. We used those 37 FNDDS codes to classify SSB
consumption in NHANES participants.
Since 2002, the dietary interviews included a question on

the source of each food or beverage item consumed (ie,
where it was obtained, such as “store,” “restaurant with
waiter/waitress,” “restaurant fast food/pizza,” “from someone
else/gift,” “cafeteria at school,” or “cafeteria not at school”).
Because the question was not asked in 2001, National Center
for Health Statistics decided not to include its response data
in the public version of NHANES 2001-2002 wave. Never-
theless, the data were released to the public for all subse-
quent waves. The dietary interviews also asked whether a
food or beverage item was consumed at home or away from
home. Following An55 and Powell and Nguyen,56 food items
consumed at chain restaurants were defined as those ob-
tained from “fast-food/pizza restaurant” and consumed away
from home. We did not include restaurant foods consumed at
home because takeout-food consumers might not be exposed
to the FDA-mandated calorie labels.
We averaged daily energy intake from SSBs and chain

restaurant foods for each agent (ie, NHANES participant) on
both 24-hour dietary recall days. For those who took only a
single dietary recall, we used data of that recall day for
analyses.

Effect of SSB Warning Labels
An and colleagues57 conducted a systematic review and
meta-analysis concerning the influence of SSB warning labels
on consumer behaviors. SSB warning labels were classified
into six categories: symbol with nutrient profile, symbol with
health effect, text with nutrient profile, text of health effect,
graphic with health effect, and graphic with nutrient profile.
Compared with the no-label control group, overall SSB
warning label use was associated with reduced SSB purchases
(Cohen’s d ¼ e0.18, 95% CI e0.31 to e0.06). Across alternative
label categories, the graphic with health effect (odds ratio
[OR] ¼ 0.34), text of health effect (OR ¼ 0.47), graphic with
nutrient profile (OR ¼ 0.58), and symbol with health effect
(OR ¼ 0.67) were associated with a reduced odds of SSB
purchases. Grummon and Hall58 conducted a meta-analysis
on the experimental studies assessing the influence of SSB
warning labels on beverage purchases. Fairly close to the ef-
fect in An and colleagues57 (ie, Cohen’s d ¼ e0.18), Grummon
and Hall58 found that SSB warning labels led to fewer calories
purchased (Cohen’s d ¼ e0.16, 95% CI e0.24 to e0.07). To be
conservative, we adopted Grummon and Hall’s estimate in
the microsimulation model.58 Cohen’s d measures the dis-
tance between two sample means in the unit of pooled
standard deviation. To translate Cohen’s d to a percentage
change for the policy effect, Cohen’s d was multiplied by the
standard deviation of daily calorie intake from SSBs, and then
divided by the mean of daily calorie intake from SSBs. The
translated policy effect of SSB warning labels was 24.39%,
with a standard error of 6.22%.

Effect of Menu Labeling Regulations
To our knowledge, four systematic reviews and meta-
analyses have estimated the quantitative relationship be-
tween menu labeling regulations and daily calorie intake
from chain restaurant foods.36-39 We extracted data from
4 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
unduplicated studies included in those four reviews and one
recent original study not included in those reviews,59 and
performed a meta-analysis to estimate the pooled effect size.
Due to the high heterogeneity (I2 ¼ 99.97%), a random-effect
model was used. Menu labeling regulations were found to
lead to a reduction in daily calorie intake from chain
restaurant foods (Cohen’s d ¼ 0.20, 95% CI 0.04 to 0.36). The
same procedure (documented in details in the preceeding
subtitle) was adopted to translate Cohen’s d to the policy
effect of menu labeling regulations (33.45%, with a standard
error of 8.53%).

Policy Effect on Body Weight and BMI
Longitudinal studies found that body weight gradually
increased from young to middle adulthood.60,61 Dutton and
colleagues62 examined the trajectory in weight gain of a
large, racially balanced sample of US adults over 25 years.
Based on their data, we fitted a parametric model to simulate
the increase in adults’ weight with respect to age. The rate of
growth gradually leveled off and approached zero when
people reached age 55 years.
Hall and colleagues63,64 developed a mathematical model

to project dynamic, long-term weight change resulting from
energy imbalance. In general, their model predicted the rate
of weight change to be substantially attenuated after the first
1 to 2 years due to metabolic adaptations.
In the control condition, agents’ weight evolved only with

age. In the two experimental conditions, agents’ weight was
affected by both aging and policy interventions. Specifically,
Hall’s model63,64 was used to project agents’ weight reduc-
tion induced by decreased daily calorie intake due to the SSB
warning labels and menu labeling regulations. We calculated
the cumulative reduction in weight and BMI attributable to
the policy interventions by summing up the year-end differ-
ences in weight and BMI between the control and experi-
mental conditions.

Policy Effect on Health Care Expenditures
We estimated changes in annual health care expenditures
due to changes in BMI, using data from the Medical Expen-
diture Panel Survey 2003-2016 waves. The Medical Expen-
diture Panel Survey is a nationally representative survey of
families and individuals focusing on health care costs and
utilization.65 Information collected included specific health
services that people used, frequency of utilization, costs, and
pay sources. Health care expenditures were the sum of direct
payments for care provided during the year from all payer
sources, including out-of-pocket payments and payments by
private insurance, Medicaid, Medicare, and other sources.
Changes in annual health care expenditures in response to a
unit reduction in BMI were estimated in a 2-part model,
given that total health care expenditure data were skewed in
the dataset, with 21% of $0 expenditure, a median of $909,
and a mean of $4,603. The first part of the model involved a
probit probability function and the second part a generalized
linear regression with a natural logarithmic link and a gamma
error distribution. The cumulative reduction in healthcare
expenditures equaled the sum of annual reduction in health
care expenditures across the 10-year study period. For agents
who were not overweight or obese (BMI � 25), a reduction in
BMI was assumed to result in no reduction in health care
-- 2021 Volume - Number -



Table. Descriptive statistics of the National Health and
Nutrition Examination Survey (NHANES) 2003-2018 wavesa

Variable Mean – standard error

Sex (%)

Men 0.495 � 0.003

Women 0.505 � 0.003

Age (y)

All age 46.51 � 0.221

18-39 0.383 � 0.006

40-64 0.437 � 0.004

� 65 0.180 � 0.004

Race/ethnicity (%)

Non-Hispanic White adults 0.678 � 0.012

Non-Hispanic Black adults 0.112 � 0.007

Non-Hispanic other race 0.071 � 0.003

Hispanic adults 0.139 � 0.008

Diet (kcal)

Daily energy intake from SSBsb 124.95 � 0.955

Daily energy intake at chain
restaurants

157.70 � 1.653

Weight outcomes

Body weight (kg) 80.7 � 0.105

Body mass index 28.75 � 0.033

aDescriptive statistics were estimated through incorporating the NHANES survey design
(ie, sampling strata, primary sampling unit, and sampling weight).
bSugar-sweetened beverages.
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expenditures. We performed the 2-part model separately by
sex, age group, and race/ethnicity to generate subgroup-
specific estimates. All expenditures were converted to 2016
US dollars using the medical care consumer price index by
the US Bureau of Labor Statistics.66 The 2-part models were
estimated using Stata MP Version 16.1.67

Mortality Risk
In the microsimulation model, each agent was observed for
age 10 years, at the beginning of each year, was subject to
age-, sex-, and racial/ethnic-specific all-cause mortality risk,
based on the United States Life Tables, 2017.68 Agents’ mor-
tality risk was further moderated by their adiposity status.
The Global BMI Mortality Collaboration conducted a meta-
analysis based on 239 prospective cohort studies with a to-
tal sample size of more than 10 million.69 Mortality hazard
ratios associated with underweight; overweight; and grade 1,
2, and 3 obesity were estimated, with normal weight (20 �
BMI < 25) as the reference group. We used their estimated
hazard ratios to adjust the all-cause mortality risk from the
life tables.

Modeling Uncertainty
To account for the cross-sectional variations in the policy
effects among agents, we assumed that the policy effects of
SSB warning labels and menu labeling regulations followed
two distinctive normal distributions with means and stan-
dard deviations determined by the corresponding estimates
from meta-analyses.

Energy Compensation
Empirical studies documented that a decrease in calorie
intake due to reduced SSB or fast-food consumption could be
partially offset by additional calorie intake of other food or
beverage items, resulting in a smaller reduction in daily total
energy intake. However, findings on the exact proportion of
energy compensated were mixed and inconclusive.70 We
adopted a relatively conservative estimate (37%) used by
Grummon and colleagues70 for the energy compensation rate
in both policy interventions.

Modeling Policy Effects by Population Subgroup
We estimated the effects of SSB warning labels and menu
labeling regulations on daily energy intake, body weight, BMI,
and health care expenditures among all agents and by sex (ie,
men and women), age group (ie, young adults aged 18 to 39
years, middle-aged adults aged 40 to 64 years, and older
adults aged 65 years and older), and race/ethnicity (ie, non-
Hispanic White adults, non-Hispanic Black adults, non-
Hispanic other race, and Hispanic adults).

Simulation Setting
The estimation of the microsimulation models utilized R
version 4.0.2.71 Each model was simulated 1,000 times using
the bootstrapped sample of the same size as the original
NHANES sample (N ¼ 39,774), based on which means, stan-
dard errors, and 95% CIs of the policy effects were estimated.
The NHANES survey design (ie, sampling strata, primary
sampling units, and sampling weights) was incorporated in
the estimates.
-- 2021 Volume - Number -
Human Subjects Protection
This study used publicly available, de-identified data without
involvement of human subjects, and was exempt from
institutional review board review.
RESULTS
The Table reports the survey-design-adjusted descriptive
statistics of the study sample. The agents were split roughly
equally between men and women. The mean age was 46.5
years, and agents 18 to 39 years, 40 to 64 years, and 65 years
and older occupied 38.3%, 43.7%, and 18.0%, respectively.
Non-Hispanic White adults, non-Hispanic Black adults, non-
Hispanic other race, and Hispanic adults occupied 67.8%,
11.2%, 7.1%, and 13.9%, respectively. Agents had an average of
125 kcal daily energy intake from SSBs and 158 kcal from
chain restaurant foods. Agents’ body weight averaged 80.7 kg,
and BMI averaged 28.8.
In comparison to the control condition, both experimental

conditions were found to lead to reduced daily calorie intake,
body weight, BMI, and health care expenditures. Specifically,
SSB warning labels and menu labeling regulations were
projected to reduce daily energy intake by 19.13 kcal (95% CI
18.83 to 19.43 kcal) and 33.09 kcal (95% CI 32.39 to 33.80
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 5



Figure 2. Projected trajectories for body weight, body mass index (BMI), and health care cost savings over 10 years. A, Projected
trajectory for body weight over 10 years. B, Projected trajectory for BMI over 10 years. C, Projected trajectory for health care cost
savings over 10 years. The grey-shaded areas represent 95% CI.
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kcal), body weight by 0.92 kg (95% CI 0.90 to 0.93 kg) and 1.57
kg (95% CI 1.54 to 1.60 kg), BMI by 0.32 (95% CI 0.31 to 0.33)
and 0.55 (95% CI ¼0.54 to 0.56), and per-capita health care
expenditures by $26.97 (95% CI $26.56 to $27.38) and $45.47
(95% CI $44.54 to $46.40) over 10 years, respectively.
Figure 2 shows the projected trajectories for body weight

(Figure 2A), BMI (Figure 2B), and health care cost savings over
10 years (Figure 2C). In Figure 2A, the solid line depicts, under
the control condition, a gradual increase in body weight due to
the aging process among agents. Following the implementation
6 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
of the SSB warning labels, the dashed line illustrates a sharp
decrease in body weight over the first 2 years. The rate of
decline slowed down considerably starting from the third year,
and subsequently, a rise in body weight was observed as the
aging effect began to dominate that of the SSB warning labels.
The body weight trajectory under the menu labeling regu-
lations, denoted by the dotted line, was similar to that of the
SSB warning labels. However, the initial reduction in body
weight over the first 2 years under the menu labeling regu-
lations was larger. The trajectories of BMI, illustrated in
-- 2021 Volume - Number -
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Figure 2B, resembled those of body weight. Figure 2C shows
the trajectory of healthcare cost savings attributable to SSB
warning labels and menu labeling regulations through pre-
venting unhealthy weight gain. The majority of savings were
accumulated over the first two years, and the rate of accu-
mulation slowed down substantially afterward. After the
sixth year, the cumulative health care savings remained
largely unchanged for both interventions.
Figure 3 shows the projected BMI distributions by the end

of the tenth year. The solid, dashed, and dotted lines depict
the BMI distributions among agents under the control con-
dition, SSB warning labels, and menu labeling regulations,
respectively. Compared with the control condition, the BMI
distributions under the SSB warning labels and menu label-
ing regulations were increasingly shifting to the left, indi-
cating the effectiveness of both policy interventions in
preventing weight gain.
Figure 4 contrasts the survival curves between the control

condition and the two policy interventions over 10 years.
Relative to the control condition, SSB warning labels and
menu labeling regulations appeared to marginally improve
agents’ survival rate by preventing unhealthy weight gain.
However, the improvement was not statistically significant,
indicated by the overlapping 95% CIs of the interventions and
the control.
Figure 5 shows the differential policy effectiveness on body

weight (Figure 5A), BMI (Figure 5B), and health care expen-
ditures (Figure 5C) by sex, age group, and race/ethnicity. The
reduction in body weight (Figure 5A) and BMI (Figure 5B),
and health care cost savings (Figure 5C) were higher under
the menu labeling regulations than under the SSB warning
labels for all subgroups. Compared with women, non-
Hispanic White adults and Hispanic adults, and older
adults, men, non-Hispanic Black adults, and younger adults
Figure 3. Projected body mass index (BMI) distributions by the
end of the 10th year. SSB ¼ sugar-sweetened beverage.
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had a more substantial reduction in body weight attributable
to the SSB warning labels and menu labeling regulations
(Figure 5A). Compared with women, non-Hispanic White
adults, and older adults, men, non-Hispanic Black adults and
Hispanic adults, and younger adults had a more substantial
reduction in BMI attributable to the SSB warning labels and
menu labeling regulations (Figure 5B). Compared with
women, Hispanic adults, and older adults, men, non-Hispanic
White adults and Black adults, and younger adults had higher
health care cost savings attributable to the SSB warning labels
and menu labeling regulations (Figure 5C).
DISCUSSION
This study utilized a stochastic microsimulation model based on
nationally representative health survey data to project and
contrast the impacts of nationwide implementation of SSB
warning labels and menu labeling regulations on daily energy
intake, weight status, and health care expenditures among US
adults. Four key findings emerged. First, SSB warning labels and
menu labeling regulations were estimated to reduce daily cal-
orie intake by approximately 19 and 33 kcal, body weight by
about 1.0 and 1.6 kg, and BMI by about 0.3 and 0.6, and save per-
capita health care cost of approximately $27 and $45 over 10
years, respectively. Second, no discernable policy effect on all-
cause mortality was identified. Finally, the policy effects could
be heterogeneous across population subgroups, with larger ef-
fects in men, non-Hispanic Black adults, and younger adults.
The estimated policy effects of SSB warning labels are

comparable to findings from a previous modeling study. Us-
ing microsimulation modeling, Grummon and colleagues70

found that SSB warning label use would reduce daily en-
ergy intake from SSBs by 25.3 kcal (vs 19.13 kcal in our study)
and BMI by 0.64 (vs 0.32 in our study). The discrepancy in the
estimated BMI reduction between Grummon and col-
leagues70 and this study likely stemmed from differences in
time horizon (NHANES 2005-2014 vs 2003-2018), model
configurations, and assumptions. Each agent in our model
represented a real-world NHANES participant with pre-
determined characteristics. In contrast, Grummon and col-
leagues70 used simulated individuals and assigned them
prepolicy attributes (eg, height, weight, and SSB intake)
based on the demographic-specific distributions estimated
from the NAHNES data. Moreover, Grummon and col-
leagues70 assumed no within-individual relationship be-
tween body weight and age, whereas our model assumed
nonlinear, positive, but diminishing weight gains during an
agent’s aging process.
To our knowledge, a single study, so far, has estimated the

influence of menu labeling regulations on the national scale,
focusing on type 2 diabetes mellitus and cardiovascular dis-
ease events.70 On the other hand, several studies estimated
the policy effect at the local level. For example, Kuo and
colleagues72 conducted a health impact assessment to
quantify the influence of menu labeling law in Los Angeles
County, CA. They reported an average reduction of 100 kcal
per meal from chain restaurants. A recent quasiexperimental
study traced purchases from 104 chain restaurants in three
southern US states for 3 years.59 They found a 60 kcal per
transaction reduction in foods purchased following
the menu-labeling regulations. By contrast, Petimar and col-
leagues73 collected data from McDonald’s in four New
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 7



Figure 4. Projected 10-year survival curve. SSB ¼ sugar-sweetened beverage.
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England cities. They found that menu labeling regulations
increased the probability of noticing calorie information but
did not reduce calories purchased. This study assumed a
modest reduction (33.09 kcal, on average) in daily calories
consumed at a chain restaurant, based on a comprehensive
meta-analysis.
Figure 5. Estimated policy effectiveness on weight reduction, body
age group, and race/ethnicity. A, Policy effectiveness on weight re
tiveness on health care cost savings by sex, age group, and race/e

8 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
The reduction in annual health care expenditures attrib-
utable to the policy-induced weight loss was sizable. The SSB
warning label and menu labeling regulations were estimated
to reduce cumulative health care expenditures by $27 and
$45 per person over ten years, respectively. This per-capita
reduction would translate into an annual total medical cost
mass index (BMI) reduction, and health care cost savings by sex,
duction by sex, age group, and race/ethnicity. B, Policy effec-
thnicity. The error bars represent 95% CI.
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savings of $0.69 and $1.16 billion. The initial cost of
complying with the FDA’s menu labeling mandate was esti-
mated to be $388.4 million among all chain restaurants in the
United States, with a recurring cost of $55.1 million.35 Aver-
aging these expenses over the course of 10 years yielded an
annual cost <8.5% of the annual medical savings from the
menu labeling regulations.
Significant heterogeneities in the policy impacts were present

across population subgroups. Previous studies have consistently
documented an average of higher consumption of daily calories
from SSBs and chain restaurant foods among men, younger
adults, and non-Hispanic Black adults compared with women,
older adults, and other racial and ethnic groups.40-42 Therefore,
a proportional reduction in SSB and chain restaurant food
consumption due to the policy interventions would have a
more substantial influence on daily energy consumption, body
weight, BMI, and health care expenditures among men,
younger adults, and non-Hispanic Black adults.
Several limitations should be noted concerning the modeling

study. Unlike real-world experimentation (eg, a randomized
controlled trial or natural experiment), results from a micro-
simulation model make projections based on a set of assump-
tions rather than empirical observations. Although we obtained
parameter values from recent, rigorous, large-scale studies or
meta-analyses, the real-world contains a multitude of
complexity in which many competing and supplementary
policies intertwine and jointly influence people’s dietary be-
haviors. An implicit assumption of the microsimulation model
was that individual agents made their own dietary decisions
independently. In reality, people’s dietary choices are under the
influence of others or made jointly in a social network (eg,
family and friends). Also, individual dietary choices may be
influenced by the social and physical environment where
people spend time, such as home, neighborhood, or workplace.
SSB warning labels are diverse and may exert differential in-
fluence on consumers’ SSB purchases and consumption. The
meta-analyses conducted by An and colleagues57 and Grum-
mon and Hall58 pooled different types of SSB warning labels, as
studies testing a particular type or format of label remain
limited, which warrants future research. Chain restaurants in
NHANES were classified as “restaurant fast food/pizza,” which
was arguably a crude measure. Measures that better match the
FDA’s definition for “chain restaurants and similar retail food
establishments” subject to menu labeling regulations are called
for future experimental and modeling studies.35 This study
focused on the policy impacts on energy consumption and
weight loss. We did not assess the potential fuller influence of
the two labeling policies, such as improved health awareness,
nutrition knowledge, or diet quality. The microsimulation
model assumed changes in health care costs to immediately
follow changes in BMI (both occurred during the same year).
Obviously, in reality, health care cost savings attributable to a
healthier weight status may take months or years to realize and
accumulate. However, no sufficient data allowed us to make
reasonable and sensitive assumptions on the distribution of the
time interval between weight change and health care cost
accumulation, as relevant parameters may be strongly influ-
enced by various individual characteristics.

CONCLUSIONS
This study projected the impacts of nationwide imple-
mentation of SSB warning labels and restaurant menu
-- 2021 Volume - Number -
labeling mandates. SSB warning labels and menu labeling
regulations were estimated to reduce daily energy intake by
20 and 32 kcal, body weight by 1.0 and 1.5 kg, and BMI by 0.3
and 0.5, and save per-capita health care cost of $28 and $43
over 10 years, respectively. The policy effects could be het-
erogeneous across population subgroups, with larger effects
in men, non-Hispanic Black adults, and younger adults. In
sum, SSB warning labels and restaurant menu labeling reg-
ulations could be effective policy leverage to prevent weight
gains and reduce medical expenses attributable to adiposity.
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