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ABSTRACT
Objective To assess the impact of menu calorie labelling 
on reducing obesity- associated cancer burdens in the USA.
Design Cost- effectiveness analysis using a Markov cohort 
state- transition model.
Setting Policy intervention.
Participants A modelled population of 235 million adults 
aged ≥20 years in 2015–2016.
Interventions The impact of menu calorie labelling 
on reducing 13 obesity- associated cancers among US 
adults over a lifetime was evaluated for: (1) effects 
on consumer behaviours; and (2) additional effects 
on industry reformulation. The model integrated 
nationally representative demographics, calorie intake 
from restaurants, cancer statistics and estimates on 
associations of policy with calorie intake, dietary change 
with body mass index (BMI) change, BMI with cancer 
rates, and policy and healthcare costs from published 
literature.
Main outcome measures Averted new cancer cases 
and cancer deaths and net costs (in 2015 US$) among 
the total population and demographic subgroups were 
determined. Incremental cost- effectiveness ratios from 
societal and healthcare perspectives were assessed and 
compared with the threshold of US$150 000 per quality- 
adjusted life year (QALY) gained. Probabilistic sensitivity 
analyses incorporated uncertainty in input parameters and 
generated 95% uncertainty intervals (UIs).
Results Considering consumer behaviour alone, this 
policy was associated with 28 000 (95% UI 16 300 to 
39 100) new cancer cases and 16 700 (9610 to 23 600) 
cancer deaths averted, 111 000 (64 800 to 158 000) 
QALYs gained, and US$1480 (884 to 2080) million saved 
in cancer- related medical costs among US adults. The 
policy was associated with net cost savings of US$1460 
(864 to 2060) million and US$1350 (486 to 2260) million 
from healthcare and societal perspectives, respectively. 
Additional industry reformulation would substantially 
increase policy impact. Greater health gains and cost 

savings were predicted among young adults, Hispanic and 
non- Hispanic Black individuals.
Conclusions Study findings suggest that menu calorie 
labelling is associated with lower obesity- related cancer 
burdens and reduced healthcare costs. Policymakers may 
prioritise nutrition policies for cancer prevention in the 
USA.

INTRODUCTION
Obesity affects one in three Americans and 
is an established risk factor for 13 types of 
cancer, such as endometrial, liver, breast, 
prostate and colorectal cancers.1 Obesity- 
associated cancer represents 40% of all newly 
diagnosed cancer cases and contributes to 
43.5% of total direct cancer care expendi-
tures, estimated at US$35.9 billion in 2015.1–7 
Rates of obesity- associated cancers are also 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Our study populated a Markov cohort state- 
transition model among 32 subgroups based on the 
nationally representative distributions of age, sex 
and race/ethnicity.

 ⇒ This cost- effectiveness evaluation incorporated 
data input parameters from established resourc-
es, and the evidence was robust to different policy 
scenarios.

 ⇒ However, given the nature of modelling research, 
this study does not provide a real- world evaluation 
of the impact of policy implementation on health and 
economic outcomes.

 ⇒ We modelled only the impact of menu calorie label-
ling on calories, although the policy may also result 
in potential changes in the nutritional quality of the 
restaurant meals.
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rising disproportionately among young adults.5 8 Substan-
tial health and economic burdens highlight the need 
to prioritise cost- effective strategies to reduce obesity- 
associated cancers in the USA.

Diet is one of the few modifiable factors for both obesity 
and obesity- associated cancers.2 9 Restaurant meals 
account for one in five calories consumed by US adults, 
including 9% of calories from full- service restaurants 
and 12% from fast- food restaurants,10 and therefore, can 
be an important target for improving population diet. 
Restaurant meals can have very high calories, with a mean 
energy of 1362 kcal/meal and 969 kcal/meal in popular 
meals from randomly selected full- service and fast- food 
restaurants, respectively.11 Consistently, individuals who 
cook less frequently at home consume more daily calo-
ries than those who cook more at home.12 Thus, reducing 
calories consumed from restaurant meals has the poten-
tial to reduce daily calorie intake and subsequent obesity 
and obesity- related cancer burdens.

To help consumers make lower- calorie choices, the 
Affordable Care Act mandated that all chain restaurants 
with 20 or more outlets post calorie information on 
menus and menu boards for all standard menu items.13 
The Food and Drug Administration (FDA) published 
the final rules for this policy in 2016, which was subse-
quently implemented in 2018. A meta- analysis of 14 inter-
ventional studies, including five randomised controlled 
trials (RCTs) and a recent quasi- experimental longitu-
dinal study among 104 restaurants, demonstrated that 
menu calorie labelling resulted in a reduction of 7.3% 
in caloric intake per meal and a 60 kcal (4%) reduction 
in calorie purchased per transaction, respectively.14 15 
Such policy can also motivate restaurant reformulation 
to lower calorie contents or introduce healthier food 
options.16–21 Prior cost- effectiveness analyses suggest 
that this policy is associated with substantial health 
gains and is a cost- saving strategy for reducing obesity 
and obesity- related diseases.22 23 It was estimated that 
the menu calorie labelling on fast foods was associated 
with a 25 kJ (6 kcal) reduction in mean daily energy 
intake, leading to a −0.2 kg change in mean body 
weight, a gain of 63 492 health- adjusted life- years, and 
net savings of half a billion (2010 Australian dollars) 
among Australians aged ≥2 years over their lifetime.22 
Researchers in the USA have demonstrated that this 
policy would prevent a large number of incident cardio-
vascular diseases (135 781) and type 2 diabetes (99 736) 
and net savings of over US$10 billion (2018 US dollars) 
among US adults over a lifetime.22 23 However, the 
health and economic benefits of the policy for obesity- 
associated cancers have not been evaluated. This study 
aimed to address the knowledge gap by evaluating the 
cost- effectiveness of the federal menu calorie labelling 
policy and obesity- associated cancer burdens among US 
adults.

METHODS
Study overview
The Diet and Cancer Outcome (DiCOM), a probabilistic 
cohort state- transition model,24 was used to perform an 
economic evaluation of the menu calorie labelling and 
obesity- associated cancer rates among 235 million US 
adults aged 20 years and older (US census), by comparing 
a policy scenario (menu calorie label) with the status quo 
(no policy), over a simulated lifetime starting from 2015. 
The model consists of (1) four health states: healthy 
without cancer, initial diagnosis and treatment for 13 
types of obesity- related cancer, continuous care for each 
of the 13 cancers, and death (from 13 cancers or other 
causes); (2) the annual likelihood of changes in health 
and (3) the lifetime consequences of such changes on 
health outcomes and economic cost (online supplemental 
figure 1). The DiCOM model integrated independent 
parameters from different data sources, including nation-
ally representative population demographics, dietary 
intake and cancer statistics, association estimates of policy 
intervention with diet, diet change with body mass index 
(BMI) and BMI with cancer risks; and policy and health- 
related costs from established sources (table 1). This 
study used de- identified datasets and was exempt from 
institutional review board review and follows the Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) guidelines.

Simulated US population
Because FDA’s final rules on menu calorie labelling were 
published in 2016 and implemented in 2018, considering 
that some restaurants had implemented this policy before 
2016 given that the law was passed in 2010, we used 2015–
2016 as the baseline and assumed a closed cohort for 
this analysis. The projected population size of US adults 
aged ≥20 in 2015–2016 was obtained from the US census 
data.25 We combined the 2013–2016 National Health and 
Nutrition Examination Survey (NHANES) to approxi-
mate the baseline and simulate the nationally representa-
tive US adult population aged ≥20 years in 32 subgroups 
stratified by age (20–44, 45–54, 55–64, ≥65), sex (male, 
female), and race/ethnicity (non- Hispanic White, non- 
Hispanic Black, Hispanic, Other) (online supplemental 
table 1). This closed cohort of US adults was modelled 
from baseline through their lifetime up to 80 years or 
until death.

Calorie consumption from restaurants
Mean calorie consumption from full- service and fast- food 
restaurants, demographics and prevalence of overweight 
or obesity were estimated using data collected from 
NHANES participants with at least one valid 24- hour diet 
recall, in every 32 strata. Following FDA’s estimates,13 
we assumed that policy would affect 56.5% of calories 
consumed at full- service restaurants and 100% at fast- 
food restaurants. The National Cancer Institute method 
was used to estimate the usual intake distribution by statis-
tically adjusting for within versus between variance in 
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dietary recalls.26–28 The complex survey design was incor-
porated in all statistical analyses to ensure the representa-
tiveness of study findings to the non- institutionalised US 
adults.

Policy association with calorie consumption
Policy association with consumer behaviours was 
obtained from a systematic review and meta- analysis of 
13 interventional studies (5 RCTs) with 19 interventions 

Table 1 Key input parameters and data sources in the Dietary Cancer Outcome Model (DiCOM)

Model input Outcome Estimates Distribution Comments Data source

1. Simulated 
population

Population Mean consumption of 
calories was 332 kcal/day 
from full- service or fast- 
food restaurants (online 
supplemental tables 1, 8 
and 9)

Gamma Stratified by age, sex, race/
ethnicity; 32 subgroups

NHANES 2013–2016

2. Policy effect*

a. Consumer 
behaviour

Policy effect 7.3% (95% CI 4.4% 
to 10.1%) (online 
supplemental appendix 1 
and appendix table 1)

Beta One- time effect Meta- analysis of labelling 
interventions on reducing 
calorie intake, Shangguan et 
al, 201915

b. Industry 
response

Policy effect 5% (online supplemental 
appendix 1 and appendix 
table 2)

Beta Assumption: no reformulation 
in the first year of policy 
intervention; restaurants will 
replace the high- calorie menu 
items with low- calorie options 
or reformulate the menu items in 
years 2 to 5 of the intervention to 
achieve a 5% reduction in calorie 
content

Calorie changes in large chain 
restaurants from 2008 to 
201518; higher- calorie menu 
items eliminated in large- 
chain restaurants19

3. Effect of 
change in calorie 
intake on BMI 
change (kg/m2)*

Dietary effect Among individuals with:
BMI <25: 0.0015 per kcal
BMI ≥25: 0.003 per kcal

Normal Assumption: 55 kcal per day 
reduction in calorie intake would 
lead to one pound weight loss 
within 1 year, with no further 
weight loss in the future

Hall et al, 201830; Hall et al, 
201129

4. Etiologic effect 
of BMI on cancer 
outcomes*

Cancer 
outcome

RRs ranged from 1.05 to 
1.50 (online supplemental 
table 2)

Log normal BMI change and cancer 
incidence

Continuous update project 
(CUP) conducted by the 
World Cancer Research Fund 
(WCRF)/American Institute for 
Cancer Research (AICR)

5. Cancer 
statistics*

Cancer 
incidence‡ and 
survival

online supplemental 
tables 3 and 4 and 
appendices 2 and 3, 
appendix tables 3 and 4

Beta Stratified by age, sex and race/
ethnicity

NCI’s Surveillance, 
Epidemiology, and End 
Results Programme (SEER) 
Database; CDC’s National 
Programme of Cancer 
Registries (NPCR) Database

6. Healthcare- 
related costs*†

Medical 
expenditures, 
productivity loss 
and patient time 
costs

online supplemental 
tables 6 and 7, appendix 
6 and appendix table 7

Gamma Stratified by age and sex NCI’s cancer prevalence 
and cost of care projections; 
published literature

7. Policy costs*† For government 
and industry

online supplemental 
appendix 5 and appendix 
tables 5 and 6

Gamma Administration and monitoring 
costs for government; 
compliance and reformulation 
costs for industry

FDA’s budget report; Nutrition 
Review Project; and FDA’s 
Regulatory Impact Analysis

8. Health- related 
quality of life 
(HRQoL)*

For 13 types of 
cancer

Ranged from 0.64 to 0.86 
(online supplemental 
table 5 and appendix 4)

Beta EQ- 5D§ data from published 
literature by cancer type

Published literature

*Uncertainty distributions were incorporated in the probabilistic sensitivity analyses. Uncertainties in each parameter are presented in supplemental 
materials (online supplemental appendix table 5 and online supplemental tables 2–9).
†If the source did not provide uncertainty estimates, we assumed the standard errors were 20% of the mean estimate to generate gamma 
distribution.
‡Time- varying input parameter, for which the model accounted for the secular trends. Details are provided in the Supplements.
§EQ- 5D is a standardised instrument developed by the EuroQol Group as a measure of health- related quality of life that can be used in a wide range 
of health conditions and treatments.
BMI, body mass index; CDC, Centers for Disease Control and Prevention; FDA, Food and Drug Administration; NCI, National Cancer Institute; 
NHANES, National Health and Nutrition Examination Survey.
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conducted in fast- food, full- service, cafeterias, and labo-
ratories between 2000 and 2015 that evaluated the effec-
tiveness of menu calorie labelling on consumers’ calorie 
consumption per meal (online supplemental appendix 1 
and appendix table 1).15 The study results showed a 7.3% 
(95% CI 4.4% to 10.1%) reduction in calories consumed 
per meal following calorie labelling. We assumed that the 
policy would have a one- time effect over 1 year, with no 
further change over time.

Policy intervention may stimulate industries to reformu-
late their products to lower the calorie content. Potential 
policy impact on industry reformulation was derived from 
studies of restaurant menu items following the passage 
and initial period of partial implementation of the final 
rules (online supplemental appendix table 2). Between 
2012 and 2014, among 66 of the 100 largest US chain 
restaurants, replacing higher- calorie menu items with 
lower- calorie items led to a 1–5% calorie reduction per 
menu item.19 20 Among 44 chain restaurants with menu 
calorie information available in 2008, the calories per 
menu item fell by 7% between 2008 and 2015.18 Based on 
the evidence, we chose 5% as the mid- point for the poten-
tial policy impact on industry response, which may include 
discontinuation of existing high- calorie menu items and/
or introduction of lower- calorie menu items. We assumed 
that no reformulation occurs in the first year of policy 
intervention, and restaurants will replace the high- calorie 
menu items with low- calorie options or reformulate the 
menu items in years 2 to 5 of the intervention to achieve 
a 5% reduction in calorie content, with no change there-
after. Combining the effect on consumer behaviours with 
the effect on industry response, the policy would lead to a 
12.3% reduction in calories consumed per meal.

In addition, we conservatively assumed that there would 
be some compensatory increased calorie intake outside 
of restaurants so that only half of all calories reduced 
from restaurant meals would translate into long- term 
reductions in daily calories (compensation rate=50%). 
Therefore, the reduction in calorie consumption from 
fast- food or full- service restaurants among the simulated 
population was computed using the baseline consump-
tion times the policy effect estimates, and then times the 
compensation rate.

Calorie reduction and obesity-associated cancer risk
To estimate the relationships between calorie intake and 
obesity- associated cancers, we associated the multivariate- 
adjusted association of change in calorie intake (kcal/day) 
with change in BMI (kg/m2) and the estimates of BMI 
and cancer risks. Based on an established energy–weight 
dynamic model that accounted for the long- term impacts 
of calorie reduction on weight and metabolic expendi-
ture, we assumed that each 55 kcal/day calorie reduction 
leads to one pound weight loss over 1 year among over-
weight or obese adults, with no further reduction there-
after.29 30 Because long- term observational studies suggest 
that weight change for an equivalent change in dietary 
intake is about twice as large in overweight or obese 

adults than normal- weight adults,31 32 we conservatively 
applied half of this estimate to individuals with normal 
weight. For each of the 13 obesity- related cancers, the 
estimated change in risk for each 5 kg/m2 change in BMI 
was derived from the systematic reviews and meta- analyses 
of multivariable- adjusted prospective cohort studies 
conducted by the World Cancer Research Fund/Amer-
ican Institute for Cancer Research Continuous Update 
Project (CUP) and the International Agency for Research 
on Cancer (online supplemental table 2).2

Cancer incidence, mortality and health-related quality of life
The incidences of age- adjusted cancer in 2015 were 
obtained from the National Programme of Cancer Regis-
tries and the Surveillance, Epidemiology, and End Results 
(SEER) programme. We projected the cancer inci-
dence from 2015 to 2030 based on the 2006–2014 trend 
using the average annual percent change method.33 
We then combined the projected incidence rates with 
the projected US population from the national interim 
projections34 to account for changes in population age 
distribution over time. We further applied the cohort- 
period method to estimate cancer incidence in the closed 
cohort of US adults in each of the 32 groups as they age 
(online supplemental table 3, appendix 2 and appendix 
table 3). The 5- year relative survival rates for each cancer 
were extracted and converted to an annual probability 
of death (online supplemental table 4, appendix 3 and 
appendix table 4).35–37 Health- related quality of life data 
were obtained from publications that reported the Euro-
Qol- 5 dimension utility weights for each cancer among 
the US patient population (online supplemental table 5 
and appendix 4).

Policy and health-related costs
Policy costs included government costs to administer, 
monitor and evaluate the policy, and industry costs to 
comply with the policy and reformulate their prod-
ucts (in scenario 2). Government costs were estimated 
from FDA’s budget report and Nutrition Review Project 
(online supplemental appendix 5 and appendix tables 
5 and 6).38 39 Industry compliance and reformulation 
costs were based on the FDA’s regulatory impact analysis 
that included initial and recurring nutrition analysis of 
standard menu items and menu replacement, provision 
of nutrition information, employee training and legal 
review, and accounted for restaurant size and type, refor-
mulation type and compliance period.13

Direct medical costs for cancer care were extracted 
from the SEER–Medicare linked database for three 
phases of cancer care: initial (12 months after diagnosis), 
continuing, and end- of- life (the last year of life) (online 
supplemental tables 6 and 7, appendix 6 and appendix 
table 7).33 40 For individuals without cancer, the direct 
medical costs were estimated based on Medical Expendi-
ture Panel Survey (MEPS) data and insurance claims.24 41 42 
Indirect costs including productivity loss due to disability 
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or missed work days and patient time costs were derived 
from publications using MEPS data.43–46

Cost-effectiveness analysis
Following the guidelines on cost- effectiveness in health and 
medicine,47 we evaluated the policy impact by projecting 
the numbers of new cancer cases and cancer deaths 
averted and quality- adjusted life- years (QALYs) gained 
and cost- effectiveness from both healthcare and societal 
perspectives. Net costs from the healthcare perspective 
were assessed as the difference between government 
costs for implementing the policy and the direct medical 
costs of cancer care. Net costs from the societal perspec-
tive were assessed as the difference between total policy 
costs (including both government and industry costs) 
and health- related costs saved (including direct and indi-
rect costs of cancer care). All costs were inflated to 2015 
US dollars using the Consumer Price Index or Personal 
Healthcare Index, with all costs and QALYs discounted 
at 3% annually.47 Incremental cost- effectiveness ratios 
(ICERs) were calculated as net costs divided by the differ-
ence in QALYs between policy versus no policy. ICERs 
falling below a willingness- to- pay threshold of US$150 000 
per QALY gained were considered to be cost- effective.48 49 
Cost- effectiveness analysis was further conducted among 
population subgroups by age, sex and race/ethnicity to 
evaluate policy associations with health disparities.

One- way sensitivity analyses were performed by varying 
input parameters, including reducing the outside- 
the- restaurant calorie compensation level to 25% or 
increasing it to 75%, altering coverage of the FDA’s final 
rule to all calories from full- service restaurants, reducing 
the diet–BMI associations to half or doubling the esti-
mates, incorporating an estimated 2% annual increase 
in medical expenditures associated with cancer care and 
altering annual discounting rates from 3% to 0% or 5%. 
We also evaluated impacts at a 10- year time horizon for 
stakeholders interested in shorter- term health gains and 
economic benefits. Probabilistic sensitivity analyses were 
conducted to incorporate uncertainty in all input param-
eters jointly (table 1). A total of 1000 Monte Carlo simu-
lations were performed, and 95% uncertainty intervals 
(UIs) were estimated based on the 2.5 and 97.5 percen-
tiles of 1000 simulations. All analyses were conducted 
using SAS (version 9.4) and R (version 3.3.1).

Patient and public involvement
This study used de- identified datasets and did not involve 
patients or the public in the design, conduct, reporting or 
dissemination plans of our research.

RESULTS
Population characteristics
The simulated cohort of US adults in 2015–2016 had a 
mean age of 47.8 years, with 65.0% being non- Hispanic 
White adults and 71.4% being overweight or obese 
(online supplemental tables 8 and 9). A mean of 332 

daily calories was consumed from full- service or fast- 
food restaurants. Higher levels were consumed among 
younger adults aged 20–44 years (425 kcal/day), men 
(388 kcal/day), non- Hispanic black (361 kcal/day) and 
Hispanic (367 kcal/day) adults, in comparison with other 
corresponding subgroups.

Health gains
The menu calorie labelling was estimated to reduce calo-
ries consumed from restaurants by a mean of 24 kcal/day 
among US adults, and total daily calories by 12 kcal/day. 
Accounting for potential industry reformulation would 
reduce the mean intake by an additional 16 kcal/day, and 
total daily calories by 8 kcal/day.

Based on changes in consumer behaviour alone, the 
policy was associated with a reduction of 28 000 (95% 
UI 16 300 to 39 100) new cancer cases and 16 700 (9610 
to 23 600) cancer deaths, and a gain of 111 000 (64 800 
to 158 000) QALYs among 235 million US adults over a 
median follow- up of 34.4 years (table 2 and figure 1). By 
cancer type, the greatest numbers of new cancer cases 
averted were cancers of endometrial (5700 (95% UI 2380 
to 9190)), liver (5180 (2800 to 7730)), kidney (5090 (2670 
to 7470)), postmenopausal breast (4840 (2010 to 8230)), 
and pancreas (1400 (756 to 2100)). The greatest numbers 
of prevented cancer deaths were estimated for cancers of 
the liver (4530 [2410 to 6760)), postmenopausal breast 
(3080 (862 to 5650)), endometrial (2060 (957 to 3220)), 
kidney (1980 (1080 to 2920)), and pancreas (1230 (661 
to 1830)).

Based on additional industry response, the total esti-
mated health gains approximately doubled, preventing 47 
300 (35 400- 59 100) new cancer cases and 28 200 (21 100 
to 35 300) cancer deaths, and gaining 189 000 (140 000 to 
236 000) QALYs, with similar rankings of the types of new 
cancer cases and cancer deaths prevented.

Economic impacts
Implementing the policy would cost the government 
US$19 (95% UI 15 to 25) million and the restaurant 
industry, US$820 (762 to 889) million in compliance 
costs over a lifetime (table 2). The policy was associated 
with savings of US$1480 (884 to 2080) million in direct 
medical costs, US$608 (363 to 865) million in produc-
tivity loss costs and US$102 (62 to 144) million in patient 
time costs. Potential industry reformulation would cost 
the restaurant industry an additional US$296 (249 to 
353) million to implement but would also result in greater 
healthcare savings, including US$2500 (1900 to 3090) 
million, US$1030 (780 to 1290) million and US$172 (131 
to 216) million in reduced direct medical, productivity 
loss, and patient time costs, respectively.

From both the healthcare and social perspectives, 
implementing the menu calorie labelling policy among 
US adults over a lifetime would be cost saving. With 
changes in consumer behaviour alone, the net cost savings 
were estimated to be US$1460 (864 to 2060) million and 
US$1350 (486 to 2260) million from the healthcare and 
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societal perspective, respectively. With additional industry 
response, estimated cost savings increased to US$2480 
($1880 to 3070) million from the healthcare perspective 
and US$2570 (1650 to 3460) million from the societal 
perspective.

Policy impacts among population subgroups
Among population subgroups, the consumer response to 
the policy was estimated to result in greater health gains 
per 100 000 individuals among adults aged 20–44 years 
(15 new cancer cases averted) and 55–64 years (16 new 
cancer cases averted) than older age groups (aged ≥65 
years; 6 new cancer cases averted); Hispanic and non- 
Hispanic Black individuals than Non- Hispanic White 
group (22 vs 9 and 17 vs 9 new cancer cases averted) 
(table 3). The numbers of cancer deaths averted, life- 
years and QALYs gained, health- related costs saved and 
net costs among population subgroups followed a similar 
pattern (online supplemental tables 10 and 11 and figures 
2–5). For instance, the policy was associated with more 
cancer deaths prevented per 100 000 individuals among 
younger adults aged 20–44 years than older adults aged 
≥65 years (10 vs 3 cancer deaths averted) and Hispanic 
and non- Hispanic Black adults than non- Hispanic White 
individuals (14 vs 5 and 11 vs 5 cancer deaths averted). 
Adding potential industry reformulations resulted in 
larger health gains among adults aged 45–54 (128% 

increase in new cancer cases averted) and non- Hispanic 
White adults (84% increase in new cancer cases averted).

Sensitivity analyses
In probabilistic sensitivity analyses, based on consumer 
responses alone, the menu calorie labelling was cost 
saving over a lifetime in 93% of 1000 simulations and cost- 
effective (<$150,000/QALY) in the remaining 7% from 
the societal perspective, and was cost saving in over 98% of 
1000 simulations from the healthcare perspective. Adding 
the additional industry response increased the probability 
of cost savings to nearly 100% of the simulations for both 
the societal and healthcare perspectives (figure 2).

Evaluating health gains, costs and cost- effectiveness at 
10 years, the policy remained cost saving from the health-
care perspective and was cost- effective from the societal 
perspective, with an ICER of US$64 500 (26 100 to 187 
000) per QALY based on consumer response alone and 
US$33 600 (13 300 to 72 400) per QALY with additional 
industry response. The cost- effectiveness of this policy 
was most sensitive to varied assumptions of the diet–BMI 
estimates and annual discounting rates (online supple-
mental tables 12,13 and figure 6).

DISCUSSION
This study estimated that the federal menu calorie label-
ling policy, based on consumer response alone, was 

Figure 1 Estimated new cancer cases and deaths prevented by federal menu calorie labelling policy in the USA by cancer 
type over a lifetime.
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associated with a reduction of approximately 28 000 new 
cancer cases and 16 700 cancer deaths among US adults 
over a lifetime, and net savings of US$1350 and US$1460 
million from societal and healthcare perspectives, 
respectively. Incorporating additional modest industry 
responses, these health and economic gains were approx-
imately doubled. Greater health gains were expected 
among younger, middle- aged subgroups, Hispanic, and 
non- Hispanic Black individuals than for other subgroups. 
Findings were robust to a range of probabilistic and one- 
way sensitivity analyses.

Our study findings supported the hypothesis that nutri-
tion policies can have meaningful health and economic 
impacts on cancer prevention in the USA. In this case, 
a modest change in mean calorie consumption, distrib-
uted across the population, was estimated to achieve 
important reductions in obesity- related cancer burdens 
among US adults. Using the best available estimates, our 

study further suggested that the federal menu calorie 
labelling policy is cost- effective in the short term and cost 
saving in the long term in reducing obesity- associated 
cancer burdens. Many preventive medical screenings are 
cost- effective, but none of them achieve net savings. For 
example, among a large cohort of women born in the 
1960s over a lifetime, mammography screening starting 
at age 45 years was estimated to have an ICER of US$40 
135/QALY.50 Colonoscopy screening starting at age 45 
years among US adults achieved an ICER of US$33 900/
QALY.51 Prostate- specific antigen screening had an ICER 
of US$70 831 to US$136 332/QALY among US men 
beginning at 40 years of age over a lifetime.52 In contrast, 
population- based nutrition interventions could be a cost- 
saving strategy for cancer prevention. Cost- effectiveness 
analyses showed that a penny- per- ounce tax on sugar- 
sweetened beverages would be a highly cost- effective 
strategy for cancer prevention among US adults, with an 

Table 3 Estimated new cancer cases and deaths prevented by the federal menu calorie labelling project in the USA by age, 
sex and race/ethnicity, over a lifetime*

Consumer behaviour Consumer behaviour+Industry response

N (95% UI)
Per 100 000 individuals 
(95% UI) N (95% UI)

Per 100 000 individuals 
(95% UI)

New cancer cases averted

Age

  20–44 15 700 (6170 to 25 100) 15.0 (5.89 to 24.0) 28 000 (18 000 to 37 500) 26.7 (17.2 to 35.8)

  45–54 2810 (−2110 to 8030) 6.61 (−4.97 to 18.9) 6420 (1390 to 11 600) 15.1 (3.27 to 27.2)

  55–64 6330 (3540 to 9400) 15.7 (8.76 to 23.3) 8640 (5790 to 11 800) 21.4 (14.3 to 29.1)

  ≥65 2740 (795 to 4650) 5.77 (1.68 to 9.80) 4060 (2070 to 5950) 8.55 (4.36 to 12.6)

Sex

  Female 15 100 (6650 to 24 000) 12.5 (5.51 to 19.8) 25 900 (17 400 to 34 900) 21.4 (14.4 to 28.9)

  Male 12 500 (4920 to 20 100) 10.9 (4.30 to 17.6) 21 100 (13 500 to 29 100) 18.4 (11.8 to 25.4)

Race/Ethnicity

  Non- Hispanic White 14 300 (4310 to 24 500) 9.16 (2.77 to 15.7) 26 300 (16 000 to 36 700) 16.9 (10.3 to 23.6)

  Non- Hispanic Black 4720 (1820 to 8100) 16.6 (6.37 to 28.4) 7630 (4750 to 11 100) 26.8 (16.7 to 38.9)

  Hispanic 7700 (3560 to 11 500) 21.5 (9.93 to 32.2) 11 200 (7060 to 15 300) 31.3 (19.7 to 42.6)

  Other 1150 (−240 to 2440) 7.60 (−1.59 to 16.2) 1990 (652 to 3310) 13.2 (4.33 to 22.0)

Cancer deaths prevented

Age

  20–44 10 200 (4170 to 16 400) 9.73 (3.98 to 15.7) 18 100 (11 700 to 24 500) 17.3 (11.2 to 23.4)

  45–54 1730 (−853 to 4240) 4.07 (−2.01 to 9.97) 3650 (1040 to 6240) 8.58 (2.44 to 14.7)

  55–64 3320 (1760 to 4930) 8.21 (4.36 to 12.2) 4480 (2890 to 6090) 11.1 (7.15 to 15.1)

  ≥65 1200 (285 to 2130) 2.53 (0.60 to 4.48) 1800 (848 to 2720) 3.79 (1.79 to 5.73)

Sex

  Female 7810 (3290 to 12 600) 6.47 (2.73 to 10.5) 13 400 (8850 to 18 500) 11.1 (7.33 to 15.3)

  Male 8510 (3500 to 13 900) 7.44 (3.06 to 12.1) 14 400 (9300 to 20 000) 12.6 (8.13 to 17.5)

Race/ethnicity

  Non- Hispanic White 7920 (2180 to 13 900) 5.08 (1.40 to 8.94) 14 700 (8770 to 20 900) 9.45 (5.64 to 13.5)

  Non- Hispanic Black 3010 (1000 to 5370) 10.6 (3.51 to 18.8) 4990 (2950 to 7380) 17.5 (10.4 to 25.9)

  Hispanic 4960 (2360 to 7560) 13.8 (6.58 to 21.1) 7190 (4480 to 9870) 20.0 (12.5 to 27.5)

  Other 565 (−246 to 1350) 3.75 (−1.63 to 8.97) 1070 (273 to 1870) 7.12 (1.81 to 12.4)

*Values are the median estimates (95% uncertainty intervals) of each distribution of 1000 simulations.
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ICER of US$13 220, the nutrition facts added sugar label-
ling would prevent 30 000 incident obesity- related cancer 
cases and 17 100 cancer deaths and be associated with a 
net saving of US$704 million, and processed meat taxes 
would avert 77 000 colorectal cancer cases and 12 500 
stomach cancer cases and save US$4.5 billion, all from the 
societal perspective.24 53 54 Thus, while we shall continue 
the efforts of increasing the screening rates, we also need 
to consider population- based strategies to improve nutri-
tion for cancer prevention in the USA.

Our findings also indicated the importance of assessing 
potential industry response, which could nearly double 
health and economic benefits. The additional impacts of 
industry reformulation in response to nutrition- related 
policies have been reported in other studies focused on 
obesity- associated cancer, diabetes and cardiovascular 
diseases.23 54–56 Our new findings build on this recent 
work and highlight the importance of potential strategies 
to encourage industry reformulation under the federal 
menu calorie labelling framework to further improve the 
health benefits and cost- effectiveness of such policies.

In addition, our results showed that population- based 
nutrition policies such as menu calorie labelling can 
potentially narrow diet- associated cancer disparities. 

We found greater health gains and economic impacts 
among racial/ethnic minorities compared with non- 
Hispanic Whites, probably due to higher diet- associated 
cancer burdens among minorities.57 However, label-
ling policies may have fewer effects on food purchasing 
behaviours among minorities or socioeconomically disad-
vantaged groups. Prior studies reported that individuals 
with higher education and income attainment were 
more likely to notice and use the menu calorie labels 
when ordering foods in fast- food or full- service restau-
rants compared with socioeconomically disadvantaged 
groups,58–60 and multiracial individuals were less likely 
to notice and use menu calorie labels in fast food restau-
rants than non- Hispanic Whites.58 Previous studies also 
showed that literacy or numeracy could be a barrier to 
label use.61 62 Thus, it is important for labelling policies to 
be paired with nutrition education to effectively reduce 
diet- associated health disparities.

Potential limitations should be considered. First, as a 
modelling study, our investigation does not provide the 
impact of real- world policy implementation on the health 
and economic outcomes of federal menu calorie label-
ling. However, conducting randomised controlled trials 
of national nutrition policy interventions is extremely 

Figure 2 Probabilistic sensitivity analyses for cost- effectiveness of the federal menu calorie labelling project over 10 years 
and a lifetime. Values are presented in cost- effectiveness planes of net costs ($millions) versus incremental quality- adjusted life 
years (QALYs). For each policy scenario, each coloured dot represents one of the 1000 simulations, with the largest dot showing 
the median incremental cost- effectiveness ratio (ICER, US$/QALY); and the ellipse representing the 95% uncertainty intervals. 
Results are presented from the societal perspective and the healthcare perspective. Negative values indicate cost savings.
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difficult and often implausible, whereas simulation 
modelling can provide complementary evidence with the 
flexibility to assess different policy scenarios that help 
inform policymaking. Second, this evaluation did not 
include the potential benefits of menu calorie labelling 
on other health outcomes, such as diabetes and cardiovas-
cular diseases. Considering such outcomes is likely to be 
associated with greater health gains and cost savings.23 63 64 
Third, menu calorie labelling could have a greater effect 
among subgroups with higher levels of income and 
education and non- Hispanic White adults58–60 and thus 
exacerbate health disparities. Owing to the lack of consis-
tent policy effect sizes among populations with different 
socioeconomic statuses, we were unable to integrate 
this into our modelling. Fourth, we modelled only the 
impact of menu calorie labelling on calories, although 
the policy might also result in potential changes in the 
nutritional quality of restaurant meals. The majority of 
current restaurant meals consumed by American adults—
70% of meals consumed from fast- food restaurants and 
50% consumed from full- service restaurants—are of poor 
nutritional quality, and the remainder are only of inter-
mediate nutritional quality, with very few being ideal.10 If 
the policy also improves the quality of restaurant meals, 
the total reduction in obesity- associated cancer burdens 
could be greater than our current estimates.

CONCLUSIONS
Study findings suggest that menu calorie labelling is asso-
ciated with lower obesity- related cancer rates and reduced 
costs. Policymakers may prioritise nutrition policies for 
cancer prevention in the USA.
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