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Health Systems, University of Waterloo, Waterloo, ON, Canada

Background: Front-of-pack labeling (FOPL) has been identified as a cost-
effective policy to promote healthy diets. Health Canada has recently published
FOPL regulations that will require food and beverages that meet or exceed set
thresholds for sodium, sugars, or saturated fat to display a ‘high in" symbol on
the front of the package. Although a promising measure, its potential impact on
dietary intakes and health have not yet been estimated in Canada.

Objective: This study aims to estimate (1) the potential dietary impact of
implementing a mandatory FOPL among Canadian adults; and (2) the number of
diet-related non-communicable disease (NCD) deaths that could be averted or
delayed due to these estimated dietary changes.

Methods: Baseline and counterfactual usual intakes of sodium, total sugars,
saturated fats, and calories were estimated among Canadian adults (n=11,992)
using both available days of 24h recalls from the 2015 Canadian Community
Health Survey-Nutrition. The National Cancer Institute method was used to
estimate usual intakes, and adjusted for age, sex, misreporting status, weekend/
weekday, and sequence of recall. Estimated counterfactual dietary intakes were
modeled from reductions observed in experimental and observational studies that
examined changes in sodium, sugars, saturated fat, and calorie content of food
purchases in the presence of a ‘high in' FOPL (four counterfactual scenarios). The
Preventable Risk Integrated ModEl was used to estimate potential health impacts.

Results: Estimated mean dietary reductions were between 31 and 212mg/day of
sodium, 2.3 and 8.7g/day of total sugars, 0.8 and 3.7g/day of saturated fats, and 16
and 59kcal/day of calories. Between 2,183 (95% Ul 2,008-2,361) and 8,907 (95%
Ul 8,095-9,667) deaths due to diet-related NCDs, mostly from cardiovascular
diseases (~70%), could potentially be averted or delayed by implementing a 'high
in" FOPL in Canada. This estimation represents between 2.4 and 9.6% of the total
number of diet-related NCD deaths in Canada.

Conclusion: Results suggest that implementing a FOPL could significantly
reduce sodium, total sugar, and saturated fat intakes among Canadian adults
and subsequently prevent or postpone a substantial number of diet-related
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NCD deaths in Canada. These results provide critical evidence to inform policy
decisions related to implementing FOPL in Canada.

front-of-pack nutrition label, dietary intakes, diet-related NCD, NCD and risk factors,
macrosimulation model, food policy

1. Introduction

In Canada, more than 80% of all deaths are due to
non-communicable diseases (NCDs) (1). Canadians’ intakes of
nutrients of public health concern (i.e., saturated fats, sodium and
sugars) are above recommended levels to prevent diet-related NCDs
(2-7). Tt is well established that unhealthy diets are one of the major
preventable risk factors for a range of NCDs (8). Diets are influenced
by many factors and one of them is the food environment, which plays
a key role in consumer food choices (9). The government of Canada
has taken several actions to improve the Canadian food environment
(10). In 2016, as part of the Healthy Eating Strategy, Health Canada
proposed the implementation of front-of-pack labeling (FOPL) to
provide consumers with simple and easy to understand nutrition
labeling (10). Accordingly, Health Canada has recently published
FOPL regulations in Canada Gazette II (July, 2022), requiring
prepackaged foods and beverages that meet or exceed set thresholds
for saturated fats, sodium, and sugars to display a mandatory ‘high in’
nutrition symbol on the front of the package, to come into effect by
January 2026 (11, 12).

Front-of-pack labeling has been recognized by international
public health organizations as a policy priority for promoting healthy
diets, as it allows consumers at different levels of literacy to make
informed decisions about the nutritional quality of foods they
purchase and consume and promotes healthier food environments
(13-18). Adoption of FOPL is one of the World Health Organization’s
(WHO) ‘Best Buys most cost-effective recommendations for the
prevention and control of diet-related NCDs (19, 20).

The purpose of a FOPL system is to assess the nutritional quality
of a food or beverage product and display it in a simple, easy to
interpret visual form to promote healthy dietary behaviors; and to
motivate the food industry to reformulate food products (14, 21-31).
For the most part, FOPL systems can be classified into two major
types: interpretive and non-interpretive. Interpretive labels provide
nutrition information on individual nutrients and provide an
interpretation or recommendation for the consumer (e.g., traffic light
label, ‘high in’ symbols, star-based systems, and Nutriscore).
Non-interpretive labels, on the other hand, provide only information
on nutrients, but without any interpretation [e.g., % Guideline Daily
Amount (GDA) system] (14).

Although there is currently no consensus yet on which FOPL
scheme performs better, increasing evidence demonstrates that the
‘high in’ FOPL system (also known as nutrient warning) has the
potential to provide clear and easy to understand information that
allows consumers to quickly identify food and beverage products that
have high levels of critical nutrients (i.e., saturated fats, sodium, and
sugars) linked to several risk factors and diet-related NCDs (29, 32,
33). For instance, ‘high in’ FOPL symbols have been shown to help
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consumers make healthier food choices (28, 34-39), and improve
their understanding of excess nutrient content and their ability to
identify healthier food products (22, 28, 32, 34, 40). A recent meta-
analysis showed that nutrient warning labels, such as the ‘high in’
symbol, performed better than other FOPL systems at discouraging
unhealthful consumer purchasing behavior, and significantly
decreased the calorie and total saturated fat content of food and
beverage purchases (41).

In 2016, Chile was the first country to adopt a ‘high in’ FOPL system
as part of the comprehensive Chilean Food Labeling and Marketing Law
- Law 20.606 (42). The Law requires processed food products that
exceed established limits for calories and certain critical nutrients (i.e.,
saturated fats, sodium, and sugars) to be labeled with a ‘high in’ symbol.
Previous, early evaluations of this Law showed reductions of nearly 24%
in sugar sweetened beverage (SSBs) purchases (43); small but significant
declines in the calorie, sodium, saturated fat, and sugar content of
households’ food and beverage purchases (44); and industry driven food
reformulation (45-48). Furthermore, evaluations of this policy suggest
that consumers shifted consumption toward products displaying no
‘high in’ labels and that these effects persisted overtime, and most of the
decrease in purchases of ‘high in’ food products was compensated for
by an increase in purchase of products displaying no ‘high i’ labels (44,
47) - the net effect was an overall reduction in nutrients of public health
concern (44).

More recently, ‘high in’ or ‘excess’ FOPL approaches have been
adopted and/or implemented in Peru (49), Uruguay (50), Israel (51),
Mexico (52), Argentina (53), Colombia (54), Brazil (55), Venezuela
(56), and Canada (11, 12). However, the long term potential impacts
of FOPL have yet to be determined, given how nascent these policies
are. Therefore, in order to better understand the long term impacts of
implementing a FOPL system, simulation modeling methods can
be used to estimate the potential impacts of this policy on dietary and
health outcomes. Simulation modeling methods have proven to be an
effective tool in the policymaking process, as they estimate the impact
of initiatives before actual policy implementation (57, 58). Using the
best available evidence, impact is estimated using a baseline scenario
and counterfactual scenarios for the proposed policy - in this case the
potential impact of implementing a ‘high in’ FOPL symbol in Canada.
There have been a number of studies supporting implementation of
FOPL in Canada (40, 59, 60); however, to our knowledge, population-
level dietary and health impacts of implementing a ‘high in” FOPL
symbol in Canada have not been previously estimated.

Therefore, the objectives of the current study are to estimate (1)
the potential dietary impact among Canadian adults of implementing
a mandatory ‘high i’ FOPL based on actual experimental and
observational evidence; and (2) the number of diet-related NCD
deaths that could be averted or delayed due to these estimated dietary
changes using simulation modeling methods.
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2. Materials and methods

2.1. Baseline dietary data: CCHS - Nutrition
2015

The Canadian Community Health Survey (CCHS)-Nutrition 2015
is a nationally representative, cross-sectional health and nutrition
survey conducted by Statistics Canada, which uses 24 h dietary recalls
to collect data on food and beverage intake in Canada. Briefly, CCHS-
Nutrition 2015 was conducted via computer-assisted in-person
interviews by Statistics Canada trained personnel, collecting data on
20,487 individuals. The first 24 h recall was conducted during the
in-person interviews. The second 24h recall was conducted via
telephone on 35% of the sample within 3 to 10 days after the first recall
(61). For dietary recalls, CCHS-Nutrition 2015 used a Canadian
modification of the United States Department of Agriculture (USDA)
5-step Automated Multiple-Pass method, because of its known
strength in capturing dietary intakes with less misreporting bias (62).
Respondents included those aged >1 year residing in private dwellings
in 10 provinces of Canada and excluded those residing in the
territories, on reserves and other indigenous settlements, in some
remote areas or in institutions (e.g., care facilities or prisons), or
individuals who were full-time members of the Canadian Armed
Forces (61).

For this study, both available days of 24 h dietary recalls from the
publicly available CCHS-Nutrition 2015 Public Use Microdata File
(PUMF) (61, 63) were used to estimate usual dietary intakes by
Dietary Reference Intakes (DRI) (64) age-sex groups for sodium, total
sugars, saturated fats, and calories, which was used as the baseline
scenario. To obtain energy and nutrient content of all foods reported
in CCHS-Nutrition 2015, we used information from Health Canada’s
Canadian Nutrient File (CNF), version 2015 (65). The CNF provides
food composition data for up to 152 food components for 5,690 food
products commonly consumed in Canada (i.e., fresh, packaged, and
prepared foods and beverages) (65).

In this analysis we included Canadian adults (>19years;
n=13,919) and excluded breastfeeding women (n=188) and
respondents who did not report any food consumption (n=4).
Additionally, underweight respondents with a BMI <18.5kg/m?* were
excluded, since energy expenditure equations for this population are
not available, and those without self-reported or measured height and
weight (n=1,735). After exclusions, a total of 11,992 participants were
included in this study (4). The energy intake to total energy
expenditure ratio was calculated for each respondent in order to adjust
for dietary misreporting, which has been detailed elsewhere by our
research group (4).

2.2. FOPL counterfactual scenarios

For the FOPL counterfactual scenarios used in this study, the most
recent available data from observational and experimental studies (40,
41, 44) on the potential reduction of critical nutrients (i.e., saturated
fats, sodium, and sugars) and calorie content of food and beverage
purchases in the presence of a ‘high in" FOPL symbol was used.
Scenarios 1 and 2 were based on the early evaluations of the Chilean
Food Labeling and Marketing Law (44); scenario 3 was based on a
Canadian randomized experimental marketplace study (40); and
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scenario 4 was based on results from a recent meta-analysis on the
impact of nutrient warning labeling (41). All counterfactual scenarios
captured changes in consumer purchasing behavior (e.g., food
substitution, decrease in the amount of ‘high in’ foods consumed). In
addition, scenarios 1 and 2 most likely also captured initial
food reformulation.

According to the reductions identified in each counterfactual
scenario, changes in nutrient intakes were modeled by decreasing the
nutrient composition of foods and beverages consumed by Canadian
adults (CCHS-Nutrition 2015), except for alcoholic beverages and
meal replacements, which are regulated separately and are not part of
the recently published Canadian ‘high in’ FOPL regulation. Then,
‘new’ usual dietary intakes were estimated for all adults and by DRI
age-sex groups (Figure 1).

The four FOPL counterfactual scenarios and nutrient reductions
applied in this study are detailed below and summarized in Table 1.

2.2.1. Scenario 1: Based on early evaluations of
the Chilean Food Labeling and Marketing Law —
overall changes

Scenario 1 (S1) was based on early evaluations of the Chilean
Food Labeling and Marketing Law, examining changes in the calorie,
sugar, sodium, and saturated fat content of food and beverage
purchases following the first phase of implementation (44). The
evaluation used longitudinal data (January 1, 2015, to December 31,
2017) on households’ food and beverage purchases captured before
and after implementation of the Chilean Law (2,381 households) (44).
Results showed small but significant declines in overall household
purchases of calories (—3.5%), saturated fat (—3.9%), sodium (—4.7%),
and sugars (—10.2%) (44). Overall reductions for calories, saturated
fats, sodium and sugars were applied systematically to all foods and
beverages reported in CCHS-Nutrition 2015, and then ‘new’ usual
dietary intakes for all adults and by DRI age-sex groups were estimated.

2.2.2. Scenario 2: Based on early evaluations of
the Chilean Food Labeling and Marketing Law —
changes disaggregated by food and beverages

Scenario 2 (S2) was also based on early evaluations of the Chilean
Food Labeling and Marketing Law (44); however, in this scenario,
reported changes were applied disaggregated by foods [calories
(—1.7%), sugars (—5.4%), saturated fat (—3.6%), and sodium (—4.6%)],
and beverages [calories (—9.9%), sugars (—13.2%), saturated fat
(—5.6%), and sodium (—5.2%)] to compare versus applying changes
across both foods and beverages as in S1. Reductions for calories,
saturated fats, sodium and sugars were applied separately to foods and
beverages reported by Canadian adults in CCHS-Nutrition 2015, and
then ‘new’ usual dietary intakes for all adults and by DRI age-sex
groups were estimated.

2.2.3. Scenario 3: Based on a Canadian
randomized experimental marketplace study —
changes disaggregated by snack food and
beverages

Scenario 3 (S3) was based on a Canadian randomized
experimental marketplace study (40) that examined the relative
impact of different FOPL systems on snack food and beverage
purchases among individuals 13 years and older in Canada (n=3,584).
The study examined changes in the content of calories and key
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Evidence: changes in consumer
food & beverage purchases in
the presence of FOPL from
published research (40, 41, 44)

% were applied systematically

to food & beverage reported in

CCHS-Nutrition 2015 (61, 63)
(Table 1)

FIGURE 1

the methods section.

Potential impact on diet
related NCD deaths were
simulated using PRIME (67)

Mean counterfactual dietary
intakes were estimated overall
(=19y) and by DRI age/sex
group (64)

Overview of the steps followed in the simulation modeling study. Full details of each counterfactual scenario and sensitivity analysis are described in

TABLE 1 Percentage change of critical nutrients and calorie content of food and beverage purchases applied for each FOPL counterfactual scenario

(summary).
Counterfactual  Source Tested foods EIRETREIVAS Sensitivity
scenarios ENEIWAS
ASodium ASugars ASaturated fat ACalories

Scenario 1 Based on early FOPL Food and beverages -4.7% -10.2% -3.9% —3.5%
evaluations from Chile (44) overall

Scenario 2 Based on early FOPL Foods —4.6% —5.4% —3.6% -1.7%
evaluations from Chile (44) | peyerages —5.2% —132% —5.6% ~9.9%

Scenario 3 Based on a Canadian Snack foods —6.3% —0.1% —6.5% -3.0%
randomized experimental Beverages —5.5% —8.7% —19.5% —10.5%
marketplace study (40)

Scenario 4 Based on results from a Food & beverages —7.8% —7.3% —16.3% -12.9%
systematic review and meta- | overall
analysis (41)

Full details of each counterfactual scenario and sensitivity analysis are described in the methods section.

nutrients (i.e., saturated fats, sodium, and sugars) of snack food and
beverage purchases. For the present study relative reductions observed
in the presence of a ‘high in’ symbol versus no FOPL among
participants 18 years and older were used, in order to be consistent
with this study’s target population and to be conservative with our
estimates given that relative changes were higher among participants
<18years. Observed relative reductions were reported separately for
snack foods (calories (—3.0%), sugars (—0.1%), saturated fat (—6.5%),
and sodium (—6.3%)), and beverages (calories (—10.5%), sugars
(—8.7%), saturated fat (—19.5%), and sodium (—5.5%)). For this
counterfactual scenario, all snack foods and beverages reported in
CCHS-Nutrition 2015 were identified using the Health Canada’s Table
(TRA) food
Supplementary Table S1). Reductions for calories, saturated fats,

of References Amounts categories  (see
sodium and sugars were applied only to snack foods and beverages
reported by Canadian adults in CCHS-Nutrition 2015, which makes
this the most conservative counterfactual scenario modeled in this
study. Reduced snack foods and beverage were then combined with
the other foods reported by CCHS-Nutrition 2015 respondents, and
then ‘new’ usual dietary intakes for all adults and by DRI age-sex

groups were estimated.
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2.2.4. Scenario 4: Based on a meta-analysis on
the impact of nutrient warning labeling — overall
changes

Scenario 4 (S4) was based on results from a recent meta-analysis
of randomized controlled trials and quasi experimental studies that
examined overall changes in the calorie and key nutrients (i.e.,
saturated fats, sodium, and sugars) content of food and beverage
purchases in the presence of FOPL (41). Specifically, the results
comparing a ‘high in’ FOPL symbol or warning label vs. control/no
label or Nutrition Facts table (NFt) were used. Overall changes were
applied for calories (—12.9%), sugars (—7.3%), saturated fat (—16.3%),
and sodium (—7.8%) to all foods and beverages reported in CCHS-
Nutrition 2015, and then ‘new’ usual dietary intakes for all adults and
by DRI age-sex groups were estimated.

2.2.5. Sensitivity analysis

For all scenarios tested in this study, changes in calorie intakes were
estimated by calculating the calories contributed from changes in sugar
and saturated fat [i.e., counterfactual kcals =baseline kcals — ((Asugars
(g) * 4kcal) + (Asaturated fat (g) * 9kcal))], in order to be conservative
with our estimates. However, since evidence used to build these
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counterfactual scenarios (40, 41, 44) also provided estimates for changes
in calories overall, sensitivity analyses were conducted using these
proportions only (see Supplementary Table S3.1.1).

Additionally, an alternative scenario was modeled based on the
criteria that WHO (20) used to estimate FOPL cost-effectiveness as
part of the Technical briefing for Appendix 3 of the Global Action Plan
for NCDs (20). This criterion is for FOPL systems overall and not
specifically for ‘high in’ symbols. WHO also included fiber and trans
fatty acids but did not include sugars in their criteria. Therefore, this
scenario was included as a sensitivity analysis only. For this scenario,
only reductions included in the proposed criteria for calories (—5.3%),
saturated fat (—12.9%) and sodium (—6.4%) were applied.

2.3. Mean height and BMI data: CCHS -
Nutrition 2015

For this study, mean height and body mass index (BMI) were
calculated by DRI age-sex group for the same sample included in both the
baseline and counterfactual scenario (CCHS-Nutrition 2015). Previous
research on both 2004 and 2015 cycles of CCHS-Nutrition has shown that
adult women tend to under-report their weight, and adult men tend to
over-report their height. To mitigate the introduction of these systematic
biases into the analyses, BMI correction factors provided by Statistics
Canada were used to generate respondents’ BMI and height from self-
reported values, if measured values were not available (66). The final
mean BMI and mean heights for the sample were generated from both
corrected and measured values (Table 2). Mean height and BMI
estimations were then used as inputs for simulation modeling.

2.4. Health impact modeling

The Preventable Risk Integrated ModEl (PRIME) (67), a cross-
sectional NCD scenario model, was used to estimate the number of
diet-related NCD deaths that could be averted or delayed due to
potential dietary intake changes from implementing a ‘high in' FOPL
symbol in Canada (under the four counterfactual scenarios described
above). PRIME is an open-access model developed by researchers at
the University of Oxford (67) and endorsed by the WHO Regional
Office for Europe (68). PRIME has been used extensively in many
studies in different countries (69-88), including Canada (3, 89, 90).

PRIME includes alcohol consumption, smoking, physical activity,
and diet (energy, fruits & vegetables, fiber, salt, total fat, saturated fat,
unsaturated fat and cholesterol consumption) as behavioral risk
factors and 24 different health outcomes (including cardiovascular
diseases (CVDs), cancers, diabetes, kidney disease, chronic obstructive
pulmonary disease, and liver disease) (67). Sugar is not included as a
risk factor in PRIME, thus, its effect is mediated through calorie
reduction. PRIME estimates the impact of population-level changes
in the distribution of behavioral risk factors on population NCD
mortality using evidence from robust meta-analysis from
epidemiological studies, methods which have been previously
described (67). The model, specifically, answers the question “How
many deaths would have occurred in the baseline year if the
distribution of risk factors had been different? (63).”

Inputs for the model included age- and sex-specific data for: (1)
number of individuals in the population; (2) annual number of
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TABLE 2 Sample characteristics, adults (>19year).

Sex, n (%) All (n=11,992)

Males 5,674 (50.1)
Females 6,318 (49.9)
Highest Level of Education, n (%)

Less than high school diploma or its equivalent 1,938 (11.8)
High school diploma or a high school equivalency 3,066 (25.0)
certificate

Certificate/diploma -trade/college/non-university/ 3,980 (34.2)
university below Bachelor

Bachelor’s degree or university certificate/diploma/ 2,937 (28.5)
degree above bachelor’s degree

Not stated 71 (0.6)

Total annual household income, all sources n (%)

<$20,000 1,323 (7.9)
$20,000 - $39,999 2,520 (17.0)
$40,000 - $59,999 2,139 (16.5)
$60,000 - $79,999 1,679 (14.2)
$80,000 - $99,999 1,218 (11.1)
$100,000 - $119,999 992 (10.3)
$120,000 - $139,999 626 (6.9)
>$140,000 1,488 (16.0)
Not stated 7(0.1)
Total household income, main source n (%)

Employment income 7,709 (72.7)
Income from social benefits 396 (2.4)
Senior’s benefits 3,128 (19.0)
Other 422 (3.5)
Not stated 337 (2.4)
BMI, n (%)

Normal weight (18.5-24.9 kg/m?) 3,920 (32.7)
Overweight (25.0-29.9kg/m?) 4,409 (36.8)
Obese (>30.0kg/m?) 3,663 (30.6)

Mean BMI, by DRI age-sex category (Cl)

19-30 (m) 26.14 (25.12, 27.16)
19-30 (f) 25.47 (24.67, 26.26)
31-50 (m) 28.50 (28.00, 28.98)
31-50 (f) 26.98 (26.52, 27.44)
51-70 (m) 29.05 (28.32, 29.79)
51-70 (f) 27.94 (27.33, 28.55)
71+ (m) 28.05 (27.53, 28.56)
71+ (f) 27.80 (27.03, 28.57)

Height (m), by DRI age-sex category (Cl)

19-30 (m) 1.77 (1.76, 1.77)
19-30 (f) 1.64 (1.63, 1.65)
31-50 (m) 1.76 (1.76, 1.77)
31-50 (f) 1.63 (1.62, 1.64)

(Continued)
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TABLE 1 (Continued)

Sex, n (%) All (n=11,992)

51-70 (m) 1.74 (1.73,1.75)
51-70 (f) 1.61 (1.60, 1.62)
71+ (m) 1.72 (1.71,1.73)
71+ (f) 1.58 (1.57, 1.58)

Misreported, n (%)

Under-reporter 4,567 (37.9)
Plausible 6,598 (55.3)
Over-reporter 827 (6.8)

diet-related NCD deaths relevant to the study; (3) baseline population
distribution of behavioral risk factors {Canadian adults’ calorie,
sodium, and saturated fat [% of total energy (TE) intake at baseline]};
and (4) the counterfactual distribution of behavioral risk factors of
interest (Canadian adults’ calorie, sodium, and saturated fat (%TE)
intake after modeling reductions).

2.4.1. Canadian specific population demographics
and diet-related NCD mortality burden

Population demographics and mortality data (2019) associated
with diet-related NCDs (CVDs, diabetes, cancer, chronic renal failure,
and liver disease) were acquired from the publicly available Statistics
Canada CANSIM tables (stratified by sex and 5-year age band) (91-
96). The 2019 diet-related NCD mortality data was used, assuming no
major changes in Canadians’ dietary intakes between 2015 (last
CCHS-Nutrition survey) and 2019, and also because it is the most
recent available data before the COVID-19 pandemic, which has
disproportionally affected people with NCDs (97, 98) and has changed
the way Canadians buy and eat foods (99-101) - impacts that remain
to be evaluated. Diet-related NCD mortality data were based on the
WHO International Classification of Diseases 10 (ICD 10) (102).

2.5. Statistical analyses

Both available 24 h recall days from CCHS-Nutrition 2015 PUMF
were used to assess Canadian adults’ usual calorie and nutrient intakes
(sodium, total sugars, saturated fat, and saturated fat (%TE)) for
baseline (actual intakes) and counterfactual scenarios. The National
Cancer Institute (NCI) method (103) was used to estimate usual
intakes and distributions (overall and by DRI age-sex group), with
adjustments for age, sex, dietary misreporting status, weekend/
weekday, and sequence of dietary recall. The 1-part (amount only)
model was used, as indicated by Davis et al. (104), because zero
consumption of the studied nutrients was <5%. This method used
stratified analysis by DRI age-sex groups and outlier removal for
implausible nutrient intakes. The bootstrap balanced repeated
replication method (500 replicates) was used for confidence intervals
and standard error estimations.

To ensure nationally representative estimates, sample survey
weights provided by Statistics Canada were applied to all analyses (61).
Meaningfully differences between baseline (current intakes) and
counterfactual dietary intakes were assessed using non-overlapping
95th percentile confidence limits of the means between baseline and
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counterfactual intakes, as in previous dietary pattern research (105,
106). SAS version 9.4 (SAS Institute Inc.) was used for analyses. SAS
codes and data manipulation are available upon request from
the authors.

For the scenario simulation modeling component, after inputting
all the required data into PRIME, the model estimated changes in the
number of deaths attributable to each diet-related NCD between the
baseline and each of the counterfactual scenarios. In order to estimate
95% uncertainty intervals (Uls) around the results (based on 2.5 and
97.5" percentiles) Monte Carlo analysis built in PRIME was performed
at 10,000 iterations, which allowed the epidemiological parameters to
vary randomly according to the distributions considered in the model
[published in the literature (67)]. PRIME estimated the number of
diet-related NCD deaths that could have been averted or delayed for
each of the counterfactual scenarios tested, overall and disaggregated
by sex and each disease under study.

3. Results
3.1. Sample characteristics

Sample characteristics are shown in Table 2. Briefly, a total of 11,992
(>19years) CCHS-Nutrition 2015 respondents were included in this
analysis, 49.9% of them being females, around 87% reporting having at
least high school diploma or high school equivalency certificate, and more
than 44% reported having a household income greater than $80,000/year.
Based on self-reported (adjusted) and measured BMI values, it was
estimated that 32.7% of respondents could be classified as having normal-
weight, 36.8% overweight and 30.6% obesity.

3.2. Baseline scenario: Actual usual calorie
and nutrient intakes

Calorie and nutrient intakes for Canadian adults overall and by
DRI age-sex group are detailed in Supplementary Table S2. Canadian
adults’ usual mean + SE calorie and nutrient intakes were estimated as
follows: calories 1889 +20kcal/day, sodium 2,729 + 33 mg/day, sugars
86.4+0.9 g/day, saturated fat 22.8 +0.6 g/day, and saturated fat (%TE)
10.6+£0.18%/day (Figure 2 and Supplementary Table 52). Usual mean
intakes disaggregated by food and beverage contribution were also
estimated for calories (food 1,634 kcal/day; beverage 255 kcal/day),
sodium (foods 2,572 mg/day; beverages 157 mg/day), sugars (food
59.9g/day; beverage 27.4g/day), saturated fat (food 21.1g/day;
beverage 2.0g/day), and saturated fat (%TE) (food 11.17%/day;
beverage 9.15%/day) (Supplementary Table 52).

3.3. FOPL counterfactual scenarios:
Potential dietary and health gains

3.3.1. S1: Based on early evaluations of the
Chilean Food Labeling and Marketing Law —
overall changes

Modeling SI resulted in absolute mean dietary reductions of
128 mg/day sodium, 8.7 g/day sugars, 0.9 g/day saturated fats, and
43kcal/day calories (considering only calorie contribution from
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FIGURE 2

Nutrient intakes of Canadian adults (>19years), overall and by DRI age-sex groups, for baseline and under each counterfactual scenario. (A) Sodium

intakes; (B) Total sugars intakes; (C) Saturated fats intakes; and (D) Total energy intakes. Baseline and counterfactual calorie and nutrient intakes were

estimated using CCHS-Nutrition 2015 PUMF data (61, 63). Usual intakes were estimated using the National Cancer Institute (NCI) method (103), and

analyses were adjusted for age, sex, dietary misreporting status, weekend/weekday, and sequence of dietary recall. d, day; g, grams; mg, milligrams;
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kcal, kilocalories; SE, standard error. Counterfactual scenario 1 and 2 were based on Taillie et al. (44). SCENARIO 1, overall changes: sodium (mg) —4.7%;
sugars (g) —10.2%; saturated fat (g) —3.9%; and SCENARIO 2, disaggregated by foods: sodium (mg) —4.6%; sugars (g) —5.4%; saturated fat (g) —3.6%; and
beverages: sodium (mg) —5.2%; sugars (g) —13.2%; saturated fat (g) —5.6%. Counterfactual scenario 3 was based on Acton et al. (40). SCENARIO 3,
relative changes disaggregated by snack foods: sodium (mg) —6.3%; sugars (g) —0.1%; saturated fat (g) —6.5%; and beverages: sodium (mg) —5.5%;
sugars (g) —8.7%; saturated fat (g) —19.5%. Counterfactual scenario 4 was based on Song et al. (41). SCENARIO 4, overall changes: sodium (mg) —7.8%;
sugars (g) —7.3%; saturated fat (g) —16.3%. * Indicates a statistically significant difference between baseline mean intakes and counterfactual mean

intakes.
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FIGURE 3

Number of diet-related NCD deaths that could be averted or delayed from implementing a ‘high in' FOPL in Canada by sex. Potential diet-related NCD
deaths that could be averted or delayed were estimated using the PRIME model (67). Inputs for the mode included, (1) population demographics; (2)
mortality data associated with diet-related NCDs (CVDs, diabetes, cancer, chronic renal failure, and liver disease) (2019), obtained from the publicly
available Statistics Canada CANSIM tables (stratified by sex and 5-year age band) (91-96); and (3) baseline and counterfactual dietary intakes
estimations using CCHS-Nutrition 2015 PUMF data (61, 63). Counterfactual scenario 1 and 2 were based on Taillie et al. (44). SCENARIO 1, overall
changes: sodium (mg) —4.7%; sugars (g) —10.2%; saturated fat (g) —3.9%; and SCENARIO 2, disaggregated by foods: sodium (mg) —4.6%; sugars (g)
-54%; saturated fat (g) —3.6%; and beverages: sodium (mg) —5.2%; sugars (g) —13.2%; saturated fat (g) —5.6%. Counterfactual scenario 3 was based on
Acton et al. (40). SCENARIO 3, relative changes disaggregated by snack foods: sodium (mg) —6.3%; sugars (g) —0.1%; saturated fat (g) —6.5%; and
beverages: sodium (mg) —5.5%; sugars (g) —8.7%; saturated fat (g) —19.5%. Counterfactual scenario 4 was based on Song et al. (41). SCENARIO 4,
overall changes: sodium (mg) —7.8%; sugars (g) —7.3%, saturated fat (g) —16.3%.

changes observed in sugar and saturated fat) for adults overall
(Figure 2 and Supplementary Table S3). Significant differences were
observed for mean sodium and sugar intakes between baseline and
counterfactual S1. Stratified results by DRI age-sex group were also
estimated and are presented in Supplementary Table S3.

These estimated dietary intakes changes were estimated to prevent
or postpone 6,442 (95% UI 5,870-7,020) deaths from diet-related
NCDs. Approximately 54% of averted or delayed deaths were in men
(3,498 [95% UI 3,193-3,802]) and 46% in women (2,943 [95% UI
2,618-3,259]) (Figure 3 and Supplementary Table S4.1).

Of the total diet-related NCD deaths that could have been
prevented or delayed, 68.3% (4,403 [95% UI 3,916-4,892]) were
related to CVDs, followed by diabetes 13.9% (898 [95% UI
684-1,088]), cancers 9.8% (631 [95% UI 493-766]), liver disease 5.2%
(332 [95% UI 200-456]), and chronic renal failure 2.8% (183 [95% UI
88-272]). Furthermore, 35.2% (2,265 [95% UI 2,059-2,469] of
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potential deaths averted or delayed would be in individuals under
75 years old. More lives saved were predicted among men (1,532 [95%
UI 1,396-1,668]) than women (733 [95% UI 649-816]) aged under
75 years (Figure 4; Supplementary Table S4.1).

3.3.2. S2: Based on early evaluations of the
Chilean Food Labeling and Marketing Law —
changes disaggregated by food and beverages

Modeling S2 resulted in absolute mean dietary reductions of
126 mg/day sodium, 6.6 g/day sugars, 0.9 g/day saturated fats, and
35kcal/day calories (considering only calorie contribution from
changes observed in sugar and saturated fat) for adults overall
(Figure 2; Supplementary Table S3). Significant differences were
observed for mean sugar intakes between baseline and counterfactual
S2. Stratified results by DRI age-sex group were also estimated and are
presented in Supplementary Table S3.
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changes: sodium (mg) —7.8%; sugars (g) —7.3%; saturated fat (g) —16.3%.
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Number of diet-related NCD deaths that could be averted or delayed from implementing a ‘high in" FOPL in Canada by disease. Potential diet-related
NCD deaths that could be averted or delayed were estimated using the PRIME model (67). Inputs for the model included, (1) population demographics;
(2) mortality data associated with diet-related NCDs (CVDs, diabetes, cancer, chronic renal failure, and liver disease) (2019), obtained from the publicly
available Statistics Canada CANSIM tables (stratified by sex and 5-year age band) (91-96); and (3) baseline and counterfactual dietary intakes
estimations using CCHS-Nutrition 2015 PUMF data (61, 63). Counterfactual scenario 1 and 2 were based on Taillie et al. (44). SCENARIO 1, overall
changes: sodium (mg) —4.7%; sugars (g) —10.2%; saturated fat (g) —3.9%; and SCENARIO 2, disaggregated by foods: sodium (mg) —4.6%; sugars (g)
-5.4%; saturated fat (g) —3.6%; and beverages: sodium (mg) —5.2%; sugars (g) —13.2%; saturated fat (g) —5.6%. Counterfactual scenario 3 was based on
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These estimated dietary intakes changes were estimated to prevent
or postpone 5,151 (95% UI 4,672-5,610) deaths from diet-related
NCDs. Approximately 55% of averted or delayed deaths were in men
(2,836 [95% UI 2,583-3,100]) and 45% in women (2,308 [95% UI
2,049-2,568]). Overall, more lives would have been saved in men than
women (Figure 3 and Supplementary Table §4.2).

Of the total diet-related NCD deaths that could have been
prevented or delayed, 68.9% (3,550 [95% UI 3,138-3,982]) were
related to CVDs, followed by diabetes 13.7% (706 [95% UI 537-854]),
cancers 9.4% (483 [95% UI 377-586]), liver disease 5.2% (267 [95%
UI 164-363]), and chronic renal failure 2.8% (142 [95% UI 65-214]).
Furthermore, 36.0% (1,853 [95% UI 1,677-2,020]) of potential deaths
averted or delayed would be in individuals under 75years old. More
lives would have been saved in men (1,266 [95% UI 1,152-1,389])
than women (583 [95% UI 514-649]) aged under 75 years (Figure 4
and Supplementary Table $4.2).

3.3.3. S3: Based on a Canadian randomized
experimental marketplace study- changes
disaggregated by snack food and beverages

Modeling S3 resulted in absolute mean dietary reductions of 31 mg/
day sodium, 2.3g/day sugars, 0.8g/day saturated fats, and 16kcal/day
calories (considering only calorie contribution from changes observed
in sugar and saturated fat) for adults overall (Figure 2 and
Supplementary Table S3). Stratified results by DRI age-sex group were
also estimated and are presented in Supplementary Table S3.

These estimated dietary intakes changes were estimated to prevent
or postpone 2,183 (95% UI 2,008-2,361) deaths from diet-related
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NCDs. Approximately 57% of averted or delayed deaths were in men
(1,245 [95% UI 1,148-1,340]) and 43% in women (939 [95% UI
843-1,035]) Overall, more lives would have been saved in men than
women (Figure 3 and Supplementary Table §4.3).

Of the total diet-related NCD deaths that could have been prevented
or delayed, 68.5% (1,495 [95% UI 1,346-1,640]) were related to CVDs,
followed by diabetes 14.1% (308 [95% UI 237-372]), cancers 9.2% (200
[95% UT 156-246]), liver disease 5.5% (121 [95% UI 75-166]), and
chronic renal failure 2.7% (60 [95% UI 29-90]). Furthermore, 37.7%
(824 [95% UI 757-890] of potential deaths averted or delayed would
be in individuals under 75years old. More lives would have been saved
in men (574 [95% UI 529-618]) than women (251 [95% UI 224-277])
aged under 75 y (Figure 4 and Supplementary Table 54.3).

3.3.4. S4: Based on a meta-analysis on the impact
of nutrient warning labeling — overall changes
Modeling S4 resulted in absolute mean dietary reductions of
212mg/day sodium, 6.3 g/day sugars, 3.72 g/day saturated fats, and
59kcal/day calories (considering only calorie contribution from
changes observed in sugar and saturated fat) for adults overall
(Figure 2 and Supplementary Table S3). Significant differences were
observed for mean sodium, sugar, and saturated fat intakes between
baseline and counterfactual S4. Stratified results by DRI age-sex group
were also estimated and are presented in Supplementary Table S3.
These estimated dietary intakes changes were estimated to prevent
or postpone 8,907 (95% UI 8,095-9,667) deaths from diet-related
NCDs. Approximately 56% of averted or delayed deaths were in men
(4,949 [95% UI 4,521-5,363]) and 44% in women (3,947 [95% UI
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3,513-4,366]). Overall, more lives would have been saved in men than
women (Figure 3 and Supplementary Table §4.4).

Of the total diet-related NCD deaths that could have been
prevented or delayed, 70.2% (6,253 [95% UI 5,555-6,912]) were
related to CVDs, followed by diabetes 13.0% (1,157 [95% UI
877-1,392]), cancers 9.4% (834 [95% UI 644-1,017]), liver disease
4.8% (427 [95% UI 253-585]), and chronic renal failure 2.7% (242
[95% UT 110-358]). Furthermore, 36.4% (3,238 [95% UI 2,952-3,518]
of potential deaths averted or delayed would be in individuals under
75 years old. More lives would have been saved in men (2,237 [95% UI
2,039-2,427]) than women (1,004 [95% UI 891-1,113]) aged under
75years (Figure 4 and Supplementary Table 54.4).

3.3.5. Potential dietary and health gains by sex

Furthermore, when looking by DRI age-sex group, significant
sodium reductions were observed for males ages 31-50years (S4) and
females ages 51-70years (S4). For total sugars, significant reductions
were observed in males ages 31-50years (S1) and 51-70years (S1),
and in females ages 51-70years (S1, S2, and S4). For saturated fat,
significant changes were observed in males ages 19-30years (S4) and
31-50years (S4), and in females ages 31-50years (S4), 51-70years
(S4), and > 70 years (S4).

In 2019, there were a total of 92,845 diet-related NCD deaths in
Canada (men 46,568; women 46,277) (92-96); therefore 6.9% (7.5%
in men, 6.4% in women), 5.5% (6.1% in men, 5.0% in women), 2.4%
(2.7% in men, 2.0% in women), and 9.6% (10.6% in men, 8.5% in
women) fewer diet-related NCD deaths could have been prevented or
delayed under S1, S2, S3, and $4, respectively (Supplementary Table 54).
Of the total number of deaths that could be prevented or delayed in
all scenarios, between 87 and 92% would be attributable to changes in
energy intakes (changes in obesity status), between 5 and 9% would
be attributable to changes in sodium intakes, and between 1 and 6%
would be attributable to changes in saturated fat intakes (Table 3).

3.4. Sensitivity analysis

Sensitivity analysis, using changes observed in calories overall
and not only calorie contribution from changes observed in sugar
and saturated fat, as the main analysis, resulted in absolute mean
calorie reductions of 63, 44, 31, and 232 kcal/day in S1, S2, S3, and
S4, respectively. Health gains would have been greater under all

10.3389/fnut.2023.1098231

scenarios tested. For instance, the number of deaths that could
have been prevented or delayed increased by 35% under S1,
22% under S2, 94% under S3, and by 252% under S4
(Supplementary Table S4.1.1, S4.2.1, S4.3.1, and S4.4.1).

Modeling criteria that WHO (20) used to estimate FOPL cost-
effectiveness resulted in absolute mean dietary reductions of 174 mg/day
of sodium, 2.9 g/day of saturated fats, and 95kcal/day of calories. Calorie
reductions in this scenario were modeled directly from WHO criteria,
as reduction for sugars was not included (Supplementary Table S5).
Significant differences were observed for mean sodium, saturated fat,
and calorie intakes between baseline and the WHO counterfactual
scenario. These estimated dietary intakes changes were estimated to
prevent or postpone 12,416 (95% UI 11,351-13,469) deaths from diet-
related NCDs. Approximately 56% of averted or delayed deaths were in
men (6,960 [95% UI 6,383-7,512]) and 44% in women (5,486 [95% Ul
4,839-6,095]). Overall, more lives would have been saved in men than
women (Supplementary Table S5.1).

4. Discussion

This is the first study to model the potential dietary and health
impacts of implementing a ‘high in' FOPL symbol in Canada. Data
from CCHS-Nutrition 2015 PUMF was used to estimate the baseline
sodium, sugars, saturated fat, and calorie intakes of Canadian adults,
to then model the potential reductions in these nutrients and calorie
intakes, and resulting health outcomes, based on reductions observed
in recent experimental and observational studies examining ‘high in’
FOPL systems.

Our results show that current calorie and nutrient intakes
estimations (baseline scenario) are consistent with previous
estimations using CCHS-Nutrition 2015 (2, 4, 107), showing, for
example, that Canadian adults’ average sodium intake (2,729 mg/day)
is well above the recommended level of 2,300 mg/day (2). Furthermore,
after comparing intakes between the baseline scenario and modeled
FOPL counterfactual scenarios, our estimates suggest that ‘high in’
FOPL could significantly reduce Canadian adults” intakes of sodium
(Sland S4), total sugars (S1, S2, and S4), and saturated fat (S4). These
changes could be attributable to both healthier food choices (i.e., food
substitution with a healthier, less healthy, or similar alternatives; not
changing their purchase behavior in response of the ‘high i’ FOPL for
some products, abandoning consumption of the product, or increasing

TABLE 3 Estimated number of diet-related NCD deaths that could be averted or delayed by risk factor.

By risk Scenario 1 Scenario 2 Scenario 3 Scenario 4
factor n©5%U) %  n©O5%U) %  n(95% Ul n (95% UI)

Saturated fat 59 (49, 70) 1 76 (62, 90) 1 95 (78, 113) 4 495 (411, 587) 6
Sodium 495 (211, 795) 8 485 (210, 792) 9 113 (47, 184) 5 819 (348, 1,304) 9
Calories 5,930 (5,415, 6,441) 92 4,613 (4,233, 5,006) 90 1,980 (1,815, 2,139) 91 7,710 (7,043, 8,369) 87
Total deaths * 6,442 (5,870,7,020) | 100 5,151 (4,672,5610) 100 2,183 (2,008, 2,361) 100 8,907 (8,095, 9,667) 100

Numbers of diet-related NCD deaths that could be averted or delayed were estimated using the PRIME model, 95% UI are based on 10,000 iterations of Monte Carlo analysis built in PRIME
(67). *Total deaths averted or delayed represent less than the sum of the individual risk factors given that double counting has been accounted for in PRIME during the modeling process.
Counterfactual scenario 1 and 2 were based on Taillie et al. (44). SCENARIO 1, overall changes: sodium (mg) -4.7%; sugars (g) —10.2%; saturated fat (g) -3.9%; and SCENARIO 2,
disaggregated by foods: sodium (mg) —4.6%; sugars (g) —5.4%; saturated fat (g) —3.6%; and beverages: sodium (mg) —5.2%; sugars (g) —13.2%; saturated fat (g) —5.6%. Counterfactual scenario 3
was based on Acton et al. (410). SCENARIO 3, relative changes disaggregated by snack foods: sodium (mg) -6.3%; sugars (g) —0.1%; saturated fat (g) -6.5%; and beverages: sodium (mg) -5.5%;
sugars (g) —8.7%; saturated fat (g) -19.5%. Counterfactual scenario 4 was based on Song, et al. (41). SCENARIO 4, overall changes: sodium (mg) -7.8%; sugars (g) —7.3%; saturated fat (g)

-16.3%.
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consumption of fresh produce or minimally processed foods) in
response to the FOPL (S1, S2, S3, and S4), as well as industry-driven
initial food reformulation in the presence of a ‘high in’ FOPL policy
(S1 and S2). These results demonstrate the potential impact of FOPL
on reducing intakes of nutrients of public health concern, of which
consumption remains at high levels in Canada (2-7).

The ‘high in’ FOPL symbol has previously been proven to
be effective at helping Canadians with different levels of health literacy
to identify foods high in nutrients to limit and make healthier food
choices; and has shown that with increased exposure and awareness
to the ‘high in’ symbol consumers became more efficient at choosing
healthier food options (59). Additionally, evidence has shown that
Canadian consumers specifically preferred FOPL that highlights
individual nutrients to limit, in line with the current policy (108, 109).
This evidence supports the hypothesis that consumers will in fact
adopt and use the ‘high in’ FOPL symbol, indicating that the potential
dietary outcomes estimated in this study could be viable. Moreover,
while it remains to be examined, previous evidence has shown that the
reduction of nutrients to limit due to FOPL could potentially lead to
improving dietary intakes of nutrients to encourage, such as fiber
(110), furthering the potential health impacts.

In Canada, the current burden of diet-related NCDs is of concern.
For instance, CVDs are the second leading cause of death (1), 23% of
adults have hypertension (111), 63% of adults are affected by either
obesity or overweight (112), and 30% of Canadians are currently living
with diabetes or pre-diabetes (113). It has been well established that
high intake of sodium increase risk for hypertension, CVDs, stroke,
and renal disease (114-117). Also, caloric contribution from excess
sugar intakes has been associated with adverse health effects such as
CVDs and diabetes (118-121). The PRIME model estimated that most
of the health gains from estimated dietary intake changes were from
CVDs (~70%), followed by diabetes, cancers, liver disease, and chronic
renal failure, indicating that FOPL could in fact have a positive impact
on the most problematic diet-related NCDs in Canada. The greatest
differences by sex were observed for ischemic heart disease, in all
scenarios modeled, where number of deaths that could be prevented
or delayed for men almost doubles estimated numbers for women.
This could be explained, in part, by differences in dietary intakes (2,
4, 107) and disease-specific mortality burden between males and
females (91-96). Additionally, in most policy scenarios modeled (S2-
S4), more lives would have been saved in men than women, overall,
and in the population aged less than 75years. Almost 36% of diet-
related NCD deaths that could be prevented or delayed would occur
in people under 75 (premature deaths). To put this in context, the
number of diet-related NCD deaths averted or delayed estimated in
this study would represent 6.9% (S1), 5.5% (S2), 2.4% (S3), and 9.6%
(S4) of diet-related NCD deaths reported in 2019 in Canada (91-96).

Most of the estimated health gains of implementing a ‘high in’
FOPL in Canada (1,980 - 7,710; ~90%) would be attributable to
estimated changes in energy intake (between 16kcal/day and 59kcal/
day). This results from simulating a range of policy scenarios that goes
from assessing impact of ‘high i’ FOPL only in snack foods and
beverages (S3) to all food and beverages (S1, S2, and S4) consumed by
Canadian adults. Our results provide similar and, in some scenarios,
more conservative estimates when compared with previous studies. For
instance, substituting foods that would carry a red traffic light FOPL
(UK system) with foods without a red traffic light FOPL, an idealistic
response to FOPL, could avert or delay 11,715 (10,500-12,865) deaths
from diet-related NCDs in Canada (90). Many of the estimated deaths
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prevented or delayed were also attributable to reductions in mean
calorie intake (90%), which was reduced on average by 122kcal/day for
men and 90kcal/day for women (90). Also, introducing a ‘high i’ FOPL
in Mexico was estimated to yield a reduction of 36.8kcal/day, and this
resulted in a reduction of 4.98 percentage points in obesity prevalence
among Mexican adults (122). The study considered reductions in calorie
intakes from snack foods and beverages using Acton et al. (40)
estimations, similar to our counterfactual S3. However, to
be conservative, we estimated changes in calorie intakes by reducing
only calorie contribution from changes observed in sugar and saturated
fat from Acton et al. (40). This resulted in a modest reduction of 16 kcal/
day and an estimated reduction of 2.4% of diet-related NCD deaths that
could be averted or delayed. Sensitivity analyses, using changes observed
in calories overall for S3, yielded reductions of 31 kcal/day [similar to
the study in Mexico (122)] and an estimated reduction of 4.6% of diet-
related NCD deaths that could be averted or delayed among Canadian
adults, using as a reference Canadian diet-related NCD mortality for
2019. Even though some of the modeled nutrient and calorie reductions
may appear modest, they could translate to meaningful improvements
in health outcomes at a population level.

Overall, our results are consistent with previous estimations in

terms of potential health gains attributable to improving diet quality
122

Ly

overall (90, 123), and contribute to the body of evidence
supporting policies to improve the Canadian food environment,
specifically implementation of a ‘high in’ FOPL symbol. However, the
addition of other proven cost-effective policies should be considered
to improve diets in Canada, such as moving from voluntary to
mandatory sodium reduction targets and implementing SSB taxes, as
evidence shows these initiatives could lead to further changes in
purchasing behavior, health gains, and health care cost savings (124-
126). For example, in Canada, introducing a 20% tax on SSBs would
potentially reduce Canadian adults’ energy intake by 21 kcal/day for
men and 13 kcal/day for women, which could postpone 7,874 (6,630-
9,118) deaths, mainly from ischemic heart disease or cancer (123); and
fully meeting voluntary sodium reduction targets for processed foods
would potentially reduce mean sodium intakes by 459 mg/day, which
could avert or delay 2,176 (95% UI 869-3,687) deaths from CVDs (3).

As mentioned earlier, the purpose of a FOPL system is to assess
the nutritional quality of food products and display it in a simple, easy
to interpret visual form to help consumers make informed food
choices and motivate the food industry to reformulate food products
(12). Focusing on reducing a few nutrients of public health concern
could indeed motivate industry driven reformulation to produce
products that contain less of these nutrients, as evidence suggests
(45-48). However, this does not necessarily mean healthier food
products will be introduced. For instance, previous studies monitoring
the Canadian food supply have shown that a reduction in sugar levels
does not seem to necessarily translate into lower energy content due
to an increase in other nutrients (e.g., fats and starches) for some food
categories (127). This could have unintended consequences such as
not leading to an equivalent reduction in food caloric content, or even
leading to an increase in caloric content. Moreover, evidence from
Chile shows that non-nutritive sweetener intakes among preschoolers
significantly increased after the implementation of the first phase of
the Chilean Food Labeling and Marketing Law (128). Therefore, it is
imperative to accompany implementation of policies — such as ‘high
i’ FOPL - with robust and independent evaluation and monitoring
systems to monitor effectiveness and compliance with the policy, but
also to detect and correct any unintended consequences. This is
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particularly important given that over 60% of packaged foods in the
Canadian food supply would carry a ‘high in’ symbol (129). Additional
measures could also be taken to mitigate possible unintended
consequences following examples from other countries, for instance,
flagging products containing non-nutritive sweeteners as Mexico (52)
and Argentina (53) have done in their FOPL regulations.

Several strengths and limitations should be considered in the
interpretation of our results. This was the first study to use WHO
endorsed methods to estimate the impact of a ‘high in’ FOPL policy
using recent nationally representative data and several counterfactual
scenarios. A key strength of our study includes using data from the
nationally representative CCHS-Nutrition 2015 survey to estimate our
baseline and counterfactual scenarios. Given the nature of the survey
there could be inherent issues with misreporting; however, the survey
used the Automated Multiple Pass Method to minimize misreporting
bias (61). Additionally, we used both 24h recall days and the NCI
method to assess usual calorie and nutrient intakes for Canadian
adults, overall and stratified by DRI age-sex group, adjusting for
several relevant covariates. This allowed for the input of disaggregated
data, by DRI age-sex group, in the PRIME model.

Our study was also strengthened by the use of PRIME, a
macrosimulation model that has been used extensively (69-88), and
uses relative risks from robust meta-analyses (67). However, as a
cross-sectional NCD scenario model, PRIME does not incorporate
the effect of time lag between the exposure and disease outcome.
Additionally, the model does not study morbidity that could
be prevented from changes in the NCD behavioral risk factors of
interest. Strengths and limitations of the PRIME model have been
discussed in more detail elsewhere (67).

Counterfactual scenarios modeled in this study were based on the
most recent available evidence on changes in food and beverage
purchases in the presence of a ‘high in’ FOPL. There is scarce evidence
of the impact of FOPL policies on dietary intakes; thus, it was assumed
that observed changes in calorie and critical nutrients of food and
beverage purchases in the presence of a ‘high i’ FOPL would
transpose to dietary intakes — as research comparing food purchase
and 24 h recall data suggests that documented food purchases can act
130).

Additionally, we provided conservative estimates given that changes

as reasonably accurate estimates of overall diet quality (

in calorie intakes were calculated from reducing only calorie
contribution from changes observed in sugar and saturated fat, instead
of directly applying changes observed in calories overall.

We modeled different policy scenarios, for instance, using the
evidence from Chile that, to best of our knowledge, is the only country
to date that has evaluated changes in food and beverages purchases
before and after FOPL policy implementation. Changes observed in
Chile in response to FOPL may not necessarily translate into similar
outcomes in Canada given differences in dietary patterns, cultural food
norms, and food environments between the two countries; however, the
Chilean and Canadian populations face similar diet-related risk factors.
For instance, both countries have one of the highest retail sales per
capita of ultra-processed products (131), high sodium intakes (2, 132),
and face high prevalence of obesity (133, 134). Also, it is worth noting
that the comprehensive Chilean Food Labeling and Marketing Law;, not
only includes a mandatory ‘high in’ warning label, but also restricts sales
and promotion in schools, and marketing to children for foods that
exceed established thresholds for calories and targeted nutrients (133)
- measures that have not yet been implemented in Canada. Therefore,
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it is more likely that first evaluations of the Chilean Law are also a result
of these other components of the regulation. However, greater changes
are expected after the implementation of phases 2 and 3 of the Law with
more stringent thresholds, which makes this a conservative
counterfactual scenario to model. Furthermore, early phase 1 Chilean
thresholds, applied in scenarios 1 and 2, were generally less stringent
than those in the Canadian regulations (12, 42). However, policy
scenarios that incorporate trends in consumer purchase behavior after
implementation of FOPL should be explored further when more
evidence on FOPL impacts overtime is available; specifically, it remains
to be seen if the effects on consumer food choices plateaus over time,
and if so, at what level.

Lastly, our most conservative scenario, where reductions were
only applied to snack foods and beverages, was based on a
randomized experimental marketplace study (40) conducted among
Canadian adults, which reflects the preferences of our Canadian
population. Additionally, we also used evidence from a meta-analysis
of randomized controlled trials and quasi experimental studies
examining overall changes in consumer food and beverage purchases
that lead to a decrease in the content of critical nutrients and calories
(41). Nevertheless, future natural experiments evaluating the impact
of the Canadian ‘high in’ FOPL symbol on food choices, diet quality,
and health outcomes will be needed to corroborate estimations from
this study.

5. Conclusion

Results from this study suggest that implementation of a ‘high in’
FOPL symbol could significantly reduce sodium, total sugar, and
saturated fat intakes among Canadian adults. These dietary changes
could prevent or postpone up to 8,907 diet-related NCD deaths in
Canada, primarily from CVDs. Future studies should continue this
work to estimate the cost-effectiveness of this policy in the Canadian
context and investigate potential differential impacts across diversity
subgroups. Overall, these results provide critical evidence to inform
and support policy implementation of the recently published ‘high
in’ FOPL regulations in Canada.

Data availability statement

Publicly available datasets were analyzed in this study. Canadian
Community Health Survey-Nutrition 2015 Public Use Microdata
File (PUMF) data is publicly and freely available without restriction
at Statistics Canada, https://wwwl50.statcan.gc.ca/nl/en/
024X. Analytic code (SAS) can be made available to

researchers upon request to the author. Canadian population

catalogue/82M0C

demographics and data on mortality associated with diet-related NCDs
(CVDs, diabetes, cancer, chronic renal failure, and liver disease) —
stratified by sex and 5-year age band — were obtained from the
publicly available Statistics Canada CANSIM tables (2019) https://

www]150.statcan.gc.ca/t1/tbl1/en/tvaction?pid=1710000501, https://
www]150.statcan.gc.ca/t1/tbl1/en/tvaction?pid=1310014201, https://
www]150.statcan.gc.ca/t1/tbll/en/tvaction?pid=1310014401, https://
www150.statcan.gc.ca/t1/tbl1/en/tvaction?pid=1310014701, https://
www150.statcan.gc.ca/t1/tbl1/en/tvaction?pid=1310015101, https://

www]150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014801.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1098231
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www150.statcan.gc.ca/n1/en/catalogue/82M0024X
https://www150.statcan.gc.ca/n1/en/catalogue/82M0024X
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014201
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014201
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310015101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310015101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014801
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014801

Flexner et al.

Author contributions

NE NK, RA, and MLA conceptualized the study design. NF, AN,
and MA conducted the study. NE MA, and JL analyzed and
interpreted the data. All authors critically reviewed and approved the
final manuscript.

Funding

This research was funded by Canadian Institutes of Health
Research (CIHR) operating grants (PJT-165858 and SA2-152805;
https://cihr-irsc.gc.ca/e/193.html). The funders had no role in study
design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Acknowledgments

The authors would like to thank Peter Scarborough, University of
Oxford, for allowing us to use the PRIME model and discussing
its application.

References

1. World Health Organization. Noncommunicable diseases country profiles 2018.
(2018). Available at: https://apps.who.int/iris/handle/10665/274512

2. Health Canada. Sodium intake of Canadians in 2017. (2018). Available at: https://
www.canada.ca/content/dam/hc-sc/documents/services/publications/food-nutrition/
sodium-intake-canadians-2017/2017-sodium-intakes-report-eng.pdf.

3. Flexner N, Christoforou A, Bernstein ], Ng A, Yang Y, Fernandes Nilson EA, et al.
Estimating Canadian sodium intakes and the health impact of meeting national and who
recommended sodium intake levels: a macrosimulation modeling study. Submitted to
PloS One. (2023)

4. Ahmed M, Ng A, L'Abbe MR. Nutrient intakes of Canadian adults: results from the
Canadian community health survey (CCHS)-2015 public use microdata file. Am J Clin
Nutr. (2021) 114:1131-40. doi: 10.1093/ajcn/nqab143

5. Liu S, Munasinghe LL, Ohinmaa A, Veugelers PJ. Added, free and Total sugar
content and consumption of foods and beverages in Canada. Health Rep. (2020)
31:14-24. doi: 10.25318/82-003-x202001000002-eng

6. Hamel V, Nardocci M, Flexner N, Bernstein ], LAbbé MR, Moubarac J-C.
Consumption of ultra-processed foods is associated with free sugars intake in the
Canadian population. Nutrients. (2022) 14:708. doi: 10.3390/nu14030708

7. Harrison S, Brassard D, Lemieux S, Lamarche B. Consumption and sources of
saturated fatty acids according to the 2019 Canada food guide: data from the 2015
Canadian community health survey. Nutrients. (2019) 11:1964. doi: 10.3390/
null091964

8. World Health Organization. Noncommunicable diseases. (2022). Available at:
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases

9. Food and Agriculture Organization of the United Nations. High level panel of
experts on food security and nutrition of the committee on world food security. Nutr.
Food Syst. (2017)

10. Health Canada. Healthy eating strategy. (2016). Available at: https://www.canada.
ca/en/health-canada/services/publications/food-nutrition/healthy-eating-strategy.html

11. Health Canada. Front-of-package nutrition labelling - backgrounder. (2022).
Available at: https://www.canada.ca/en/health-canada/news/2022/06/front-of-package-
nutrition-labelling.html

12. Goverment of Canada. Regulations amending the food and drug regulations
(nutrition symbols, other labelling provisions, vitamin D and hydrogenated fats or oils):
Sor/2022-168 (2022) Available at: https://canadagazette.gc.ca/rp-pr/
p2/2022/2022-07-20/html/sor-dors168-eng.html.

13. Pan American Health Organization. Pan American health organization nutrient
profile model (2017) Available at: https://iris.paho.org/handle/10665.2/18621

14. World Cancer Research Fund International. Building momentum: Lessons on
implementing a robust front-of-pack food label (2019) Available at: https://www.werf.
org/sites/default/files/PPA-Building-Momentum-2-WEB.pdf

Frontiers in Nutrition

13

10.3389/fnut.2023.1098231

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1098231/
full#supplementary-material

15. Kelly B, Jewell . What is the evidence on the policy specifications, development
processes and effectiveness of existing front-of-pack food labelling policies in the who
European region (2018) Awvailable at: http://www.euro.who.int/__data/assets/pdf_
file/0007/384460/Web-WHO-HEN-Report-61-on-FOPL.pdf?ua=1

16. World Health Organization; Food and Agriculture Organization of the United
Nations. Strengthening nutrition action: A resource guide for countries based on the
policy recommendations of the second international conference on nutrition (Icn2)
(2018) Awvailable at: https://apps.who.int/iris/handle/10665/274739.

17. Codex Alimentarius Commission. Report of the forty-fifth session of the codex
committee on food labelling. (2019) Available at: http://www.fao.org/fao-who-
codexalimentarius/sh-proxy/en/?Ink=1&url=https%253A%252F%252Fworkspace.fao.
org%252Fsites%252Fcodex%252FMeetings%252FCX-714-45%252FFinal %252520Rep
ort%252FREP19_FLe.pdf

18. Codex Committee on Food Labelling. Proposed draft guidelines on front-of-pack
nutrition labelling. (2019) Available at: http://www.fao.org/fao-who-codexalimentarius/
sh-proxy/en/?Ink=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites %252
Fcodex%252FMeetings%252FCX-714-45%252Fdocuments%252Ffl45_06e_final.pdf.

19. World Health Organization. Tackling Ncds "best buys" and other recommended
interventions for the prevention and control of noncommunicable diseases (2017)
Available at: https://apps.who.int/iris/handle/10665/259232

20. World Health Organization. Technical briefing for appendix 3 of the global action
plan for non-communicable diseases (2022) Available at: https://www.who.int/teams/
noncommunicable-diseases/updating-appendix-3-of-the-who-global-ncd-action-
plan-2013-2030

21. Kanter R, Vanderlee L, Vandevijvere S. Front-of-package nutrition labelling policy:
global Progress and future directions. Public Health Nutr. (2018) 21:1399-408. doi:
10.1017/51368980018000010

22. Khandpur N, Swinburn B, Monteiro CA. Nutrient-based warning labels may help
in the pursuit of healthy diets. Obesity. (2018) 26:1670-1. doi: 10.1002/0by.22318

23.Neal B, Crino M, Dunford E, Gao A, Greenland R, Li N, et al. Effects of different
types of front-of-pack labelling information on the healthiness of food purchases—a
randomised controlled trial. Nutrients. (2017) 9:1284. doi: 10.3390/nu9121284

24.Vargas-Meza ], Jauregui A, Contreras-Manzano A, Nieto C, Barquera S.
Acceptability and understanding of front-of-pack nutritional labels: An experimental
study in Mexican consumers. BMC Public Health. (2019) 19:1751. doi: 10.1186/
512889-019-8108-z

25. Nieto C, Jauregui A, Contreras-Manzano A, Arillo-Santillan E, Barquera S, White
CM, et al. Understanding and use of food labeling systems among whites and Latinos
in the United States and among Mexicans: results from the international food policy
study, 2017. Int ] Behav Nutr Phys Act. (2019) 16:87. doi: 10.1186/512966-019-0842-1

26. Machin L, Aschemann-Witzel ], Curutchet MR, Giménez A, Ares G. Does front-
of-pack nutrition information improve consumer ability to make healthful choices?

frontiersin.org


https://doi.org/10.3389/fnut.2023.1098231
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://cihr-irsc.gc.ca/e/193.html
https://www.frontiersin.org/articles/10.3389/fnut.2023.1098231/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1098231/full#supplementary-material
https://apps.who.int/iris/handle/10665/274512
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/food-nutrition/sodium-intake-canadians-2017/2017-sodium-intakes-report-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/food-nutrition/sodium-intake-canadians-2017/2017-sodium-intakes-report-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/food-nutrition/sodium-intake-canadians-2017/2017-sodium-intakes-report-eng.pdf
https://doi.org/10.1093/ajcn/nqab143
https://doi.org/10.25318/82-003-x202001000002-eng
https://doi.org/10.3390/nu14030708
https://doi.org/10.3390/nu11091964
https://doi.org/10.3390/nu11091964
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.canada.ca/en/health-canada/services/publications/food-nutrition/healthy-eating-strategy.html
https://www.canada.ca/en/health-canada/services/publications/food-nutrition/healthy-eating-strategy.html
https://www.canada.ca/en/health-canada/news/2022/06/front-of-package-nutrition-labelling.html
https://www.canada.ca/en/health-canada/news/2022/06/front-of-package-nutrition-labelling.html
https://canadagazette.gc.ca/rp-pr/p2/2022/2022-07-20/html/sor-dors168-eng.html
https://canadagazette.gc.ca/rp-pr/p2/2022/2022-07-20/html/sor-dors168-eng.html
https://iris.paho.org/handle/10665.2/18621
https://www.wcrf.org/sites/default/files/PPA-Building-Momentum-2-WEB.pdf
https://www.wcrf.org/sites/default/files/PPA-Building-Momentum-2-WEB.pdf
http://www.euro.who.int/__data/assets/pdf_file/0007/384460/Web-WHO-HEN-Report-61-on-FOPL.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/384460/Web-WHO-HEN-Report-61-on-FOPL.pdf?ua=1
https://apps.who.int/iris/handle/10665/274739
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2FFinal%2520Report%2FREP19_FLe.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2FFinal%2520Report%2FREP19_FLe.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2FFinal%2520Report%2FREP19_FLe.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2FFinal%2520Report%2FREP19_FLe.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2Fdocuments%2Ffl45_06e_final.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2Fdocuments%2Ffl45_06e_final.pdf
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%3A%2F%2Fworkspace.fao.org%2Fsites%2Fcodex%2FMeetings%2FCX-714-45%2Fdocuments%2Ffl45_06e_final.pdf
https://apps.who.int/iris/handle/10665/259232
https://www.who.int/teams/noncommunicable-diseases/updating-appendix-3-of-the-who-global-ncd-action-plan-2013-2030
https://www.who.int/teams/noncommunicable-diseases/updating-appendix-3-of-the-who-global-ncd-action-plan-2013-2030
https://www.who.int/teams/noncommunicable-diseases/updating-appendix-3-of-the-who-global-ncd-action-plan-2013-2030
https://doi.org/10.1017/S1368980018000010
https://doi.org/10.1002/oby.22318
https://doi.org/10.3390/nu9121284
https://doi.org/10.1186/s12889-019-8108-z
https://doi.org/10.1186/s12889-019-8108-z
https://doi.org/10.1186/s12966-019-0842-1

Flexner et al.

Performance of warnings and the traffic light system in a simulated shopping
experiment. Appetite. (2018) 121:55-62. doi: 10.1016/j.appet.2017.10.037

27. Arrua A, Curutchet MR, Rey N, Barreto P, Golovchenko N, Sellanes A, et al.
Impact of front-of-pack nutrition information and label design on Children's choice of
two snack foods: comparison of warnings and the traffic-light system. Appetite. (2017)
116:139-46. doi: 10.1016/j.appet.2017.04.012

28. Arrua A, Machin L, Curutchet MR, Martinez ], Antinez L, Alcaire F et al.
Warnings as a directive front-of-pack nutrition labelling scheme: comparison with the
guideline daily amount and traffic-light systems. Public Health Nutr. (2017) 20:2308-17.
doi: 10.1017/51368980017000866

29. Goodman S, Vanderlee L, Acton R, Mahamad S, Hammond D. The impact of
front-of-package label design on consumer understanding of nutrient amounts.
Nutrients. (2018) 10:1624. doi: 10.3390/nul0111624

30. Mhurchu CN, Eyles H, Choi Y-H. Effects of a voluntary front-of-pack nutrition
labelling system on packaged food reformulation: the health star rating system in
New Zealand. Nutrients. (2017) 9:918. doi: 10.3390/nu9080918

31. Vyth EL, Steenhuis IH, Roodenburg AJ, Brug J, Seidell JC. Front-of-pack nutrition
label stimulates healthier product development: a quantitative analysis. Int ] Behav Nutr
Phys Act. (2010) 7:65. doi: 10.1186/1479-5868-7-65

32.Reyes M, Garmendia ML, Olivares S, Aqueveque C, Zacarfas I, Corvaldn C.
Development of the Chilean front-of-package food warning label. BMC Public Health.
(2019) 19:906. doi: 10.1186/s12889-019-7118-1

33. de Morais SP, Mais LA, Khandpur N, Ulian MD, Martins APB, Garcia MT, et al.
Consumers’ opinions on warning labels on food packages: a qualitative study in Brazil.
PLoS One. (2019) 14:¢0218813. doi: 10.1371/journal.pone.0218813

34. Khandpur N, Sato PM, Mais LA, Martins APB, Spinillo CG, Garcia MT, et al. Are
front-of-package warning labels more effective at communicating nutrition information
than traffic-light labels? A randomized controlled experiment in a Brazilian sample.
Nutrients. (2018) 10:688. doi: 10.3390/nu10060688

35.An R, Shi Y, Shen J, Bullard T, Liu G, Yang Q, et al. Effect of front-of-package
nutrition labeling on food purchases: a systematic review. Public Health. (2021)
191:59-67. doi: 10.1016/j.puhe.2020.06.035

36. Croker H, Packer J, Russell S, Stansfield C, Viner R. Front of pack nutritional
labelling schemes: a systematic review and meta-analysis of recent evidence relating to
objectively measured consumption and purchasing. ] Hum Nutr Diet. (2020) 33:518-37.
doi: 10.1111/jhn.12758

37.An R, Liu ], Liu R, Barker AR, Figueroa RB, McBride TD. Impact of sugar-
sweetened beverage warning labels on consumer behaviors: a systematic review and
meta-analysis. Am ] Prev Med. (2021) 60:115-26. doi: 10.1016/j.amepre.2020.07.003

38. Grummon AH, Hall MG. Sugary drink warnings: a meta-analysis of experimental
studies. PLoS Med. (2020) 17:¢1003120. doi: 10.1371/journal.pmed.1003120

39. Scapin T, Fernandes AC, Curioni CC, Pettigrew S, Neal B, Coyle DH, et al.
Influence of sugar label formats on consumer understanding and amount of sugar in
food choices: a systematic review and meta-analyses. Nutr Rev. (2020) 79:788-801. doi:
10.1093/nutrit/nuaal08

40. Acton RB, Jones AC, Kirkpatrick SI, Roberto CA, Hammond D. Taxes and front-
of-package labels improve the healthiness of beverage and snack purchases: a
randomized experimental marketplace. Int ] Behav Nutr Phys Act. (2019) 16:1-15. doi:
10.1186/512966-019-0799-0

41. Song J, Brown MK, Tan M, MacGregor GA, Webster J, Campbell NR, et al. Impact
of color-coded and warning nutrition labelling schemes: a systematic review and network
meta-analysis. PLoS Med. (2021) 18:¢1003765. doi: 10.1371/journal.pmed.1003765

42. Ministerio de Salud de Chile. Ley 20.606 - Sobre composicion nutricional de los
alimentos y su publicidad (2012) [cited 2023 January 12]. Available from: https://
extranet.who.int/ncdccs/Data/CHL_B15_LEY-20606_06-JUL-2012.pdf

43. Taillie LS, Reyes M, Colchero MA, Popkin B, Corvalan C. An evaluation of Chile’s
law of food labeling and advertising on sugar-sweetened beverage purchases from 2015
to 2017: a before-and-after study. PLoS Med. (2020) 17:e1003015. doi: 10.1371/journal.
pmed.1003015

44. Taillie LS, Bercholz M, Popkin B, Reyes M, Colchero MA, Corvalan C. Changes in
food purchases after the Chilean policies on food labelling, marketing, and sales in
schools: a before and after study. Lancet Planet Health. (2021) 5:e526-33. doi: 10.1016/
$2542-5196(21)00172-8

45. Quintiliano Scarpelli D, Pinheiro Fernandes AC, Rodriguez Osiac L, Pizarro QT.
Changes in nutrient declaration after the food labeling and advertising law in Chile: a
longitudinal approach. Nutrients. (2020) 12:2371. doi: 10.3390/nu12082371

46. Reyes M, Smith Taillie L, Popkin B, Kanter R, Vandevijvere S, Corvalan C. Changes
in the amount of nutrient of packaged foods and beverages after the initial
implementation of the Chilean law of food labelling and advertising: a nonexperimental
prospective study. PLoS Med. (2020) 17:¢1003220. doi: 10.1371/journal.pmed.1003220

47. Barahona N, Otero C, Otero S, Kim J. Equilibrium effects of food labeling policies
(2020) doi: 10.2139/ssrn.3698473

48. Zancheta Ricardo C, Corvalan C, Taillie L, Quitral V, Reyes M. Changes in the use
of nonnutritive sweeteners in the Chilean food and beverage supply after the
implementation of the food labeling and advertising law. Front Nutr. (2021) 8:773450.
doi: 10.3389/fnut.2021.773450

Frontiers in Nutrition

14

10.3389/fnut.2023.1098231

49. Saavedra-Garcia L, Moscoso-Porras M, Diez-Canseco F. An experimental study
evaluating the influence of front-of-package warning labels on Adolescent’s purchase
intention of processed food products. Int ] Environ Res Public Health. (2022) 19:1094.
doi: 10.3390/ijerph19031094

50. Ares G, Antunez L, Curutchet MR, Galicia L, Moratorio X, Giménez A, et al.
Immediate effects of the implementation of nutritional warnings in Uruguay: awareness,
self-reported use and increased understanding. Public Health Nutr. (2021) 24:364-75.
doi: 10.1017/S1368980020002517

51. Shahrabani S. The impact of Israels front-of-package labeling reform on
Consumers' behavior and intentions to change dietary habits. Israel ] Health Policy Res.
(2021) 10:1-11. doi: 10.1186/s13584-021-00482-w

52. White M, Barquera S. Mexico adopts food warning labels, why now? Health Syst
Reform. (2020) 6:€1752063. doi: 10.1080/23288604.2020.1752063

53. Republica Argentina. Ley De Etiquetado Frontal. Promocién De La Alimentacién
Saludable Ley 27.642. (2022) Available at: https://www.argentina.gob.ar/justicia/
derechofacil/leysimple/salud/ley-de-etiquetado-frontal#:~:text=Est%C3%A1%20
prohibida%20la%20publicidad%2C%20promoci%C3%B31,a%20ni%C3%B10s%2C%20
ni%C3%B1as%20y%20adolescentes

54. El Congreso de Colombia. Ley No 2120 (2021) Available at: https://www.andi.com.
co/Uploads/LEY %202120%20DEL%2030%20DE%20JULIO%20DE%202021.pdf

55. Mialon M, Khandpur N, Mais LA, Martins APB. Arguments used by trade
associations during the early development of a new front-of-pack nutrition labelling
system in Brazil. Public Health Nutr. (2021) 24:766-74. doi: 10.1017/5S1368980020003596

56. FAO, OPS, UNICEE. Etiquetado Nutricional En La Parte Frontal Del Envase En
América Latina Y El Caribe. Nota Orientadora (2022) Available at: https://iris.paho.org/
bitstream/handle/10665.2/56520/9789251367537_spa.pdf?sequence=1&isAllowed=y

57. Kretzschmar M. Disease modeling for public health: added value, challenges, and
institutional constraints. J Public Health Policy. (2020) 41:39-51. doi: 10.1057/
541271-019-00206-0

58. Cobiac L], Veerman L, Vos T. The role of cost-effectiveness analysis in developing
nutrition policy. Annu Rev Nutr. (2013) 33:373-93. doi: 10.1146/annurev-
nutr-071812-161133

59. Mansfield ED, Ibanez D, Chen F, Chen E, de Grandpré E. Efficacy of “high in”
nutrient specific front of package labels—a retail experiment with Canadians of varying
health literacy levels. Nutrients. (2020) 12:3199. doi: 10.3390/nu12103199

60. Stortz L, Lee YN, Von Massow M. Do front-of-package warning labels reduce
demand for foods ‘high Ir’ saturated fat, sugar, or sodium? (2020).

61. Health Canada. 2015 Canadian community health survey - nutrition. Reference
guide to understanding and using the data (2017) Available at: https://www.canada.ca/
en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-
surveys/canadian-community-health-survey-cchs/reference-guide-understanding
using-data-2015.html

62. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, et al. The
us Department of Agriculture Automated Multiple-Pass Method Reduces Bias in the
collection of energy intakes. Am J Clin Nutr. (2008) 88:324-32. doi: 10.1093/ajcn/88.2.324

63. Statistics Canada. Canadian community health survey - Nutrition: Public use
microdata file (2019) Available at: https://www150.statcan.ge.ca/nl/en/catalogue/82M0024X

64. National Academies of sciences engineering and medicine. Dietary reference
intakes collection (2022) Available at: https://nap.nationalacademies.org/collection/57/
dietary-reference-intakes.

65. Health Canada. Canadian nutrient file, compilation of Canadian food composition
data - User's guide (2015) Available at: https://publications.gc.ca/site/archivee-archived.
html?url=https://publications.gc.ca/collections/collection_2016/sc-hc/
H164-189-2-2016-eng.pdf.

66. Shields M, Gorber SC, Janssen I, Tremblay MS. Bias in self-reported estimates of
obesity in Canadian health surveys: An update on correction equations for adults. Health
Rep. (2011) 22:35-45. doi: 10.1016/S1499-2671(11)52226-9

67. Scarborough P, Harrington RA, Mizdrak A, Zhou LM, Doherty A. The preventable
risk integrated model and its use to estimate the health impact of public health policy
scenarios. Scientifica. (2014) 2014:1-21. doi: 10.1155/2014/748750

68. World Health Organization — Regional Office for Europe. NCDprime - modelling
the impact of National Policies on noncommunicable disease (NCD) mortality using prime:
A policy scenario modelling tool (2019) (2019) Available at: https://www.euro.who.int/
en/health-topics/disease-prevention/tobacco/publications/2019/ncdprime-modelling-
the-impact-of-national-policies-on-noncommunicable-disease-ncd-mortality-using
prime-a-policy-scenario-modelling-tool-2019

69. Breda ], Allen LN, Tibet B, Erguder T, Karabulut E, Yildirim HH, et al. Estimating
the impact of achieving Turkey's non-communicable disease policy targets: a macro-
simulation modelling study. Lancet Reg Health Eur. (2020) 1:100018. doi: 10.1016/j.
lanepe.2020.100018

70. Vega-Solano J, Blanco-Metzler A, Madriz-Morales K, Fernandes-Nilson E-A,
Labonté ME. Impact of salt intake reduction on CVD mortality in Costa Rica: a scenario
modelling study. PLoS One. (2021) 16:¢0245388. doi: 10.1371/journal.pone.0245388

71.Nilson EAF, Metlzer AB, Labonte ME, Jaime PC. Modelling the effect of
compliance with who salt recommendations on cardiovascular disease mortality and
costs in Brazil. PLoS One. (2020) 15:¢0235514. doi: 10.1371/journal.pone.0235514

frontiersin.org


https://doi.org/10.3389/fnut.2023.1098231
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.appet.2017.10.037
https://doi.org/10.1016/j.appet.2017.04.012
https://doi.org/10.1017/S1368980017000866
https://doi.org/10.3390/nu10111624
https://doi.org/10.3390/nu9080918
https://doi.org/10.1186/1479-5868-7-65
https://doi.org/10.1186/s12889-019-7118-1
https://doi.org/10.1371/journal.pone.0218813
https://doi.org/10.3390/nu10060688
https://doi.org/10.1016/j.puhe.2020.06.035
https://doi.org/10.1111/jhn.12758
https://doi.org/10.1016/j.amepre.2020.07.003
https://doi.org/10.1371/journal.pmed.1003120
https://doi.org/10.1093/nutrit/nuaa108
https://doi.org/10.1186/s12966-019-0799-0
https://doi.org/10.1371/journal.pmed.1003765
https://extranet.who.int/ncdccs/Data/CHL_B15_LEY-20606_06-JUL-2012.pdf
https://extranet.who.int/ncdccs/Data/CHL_B15_LEY-20606_06-JUL-2012.pdf
https://doi.org/10.1371/journal.pmed.1003015
https://doi.org/10.1371/journal.pmed.1003015
https://doi.org/10.1016/S2542-5196(21)00172-8
https://doi.org/10.1016/S2542-5196(21)00172-8
https://doi.org/10.3390/nu12082371
https://doi.org/10.1371/journal.pmed.1003220
https://doi.org/10.2139/ssrn.3698473
https://doi.org/10.3389/fnut.2021.773450
https://doi.org/10.3390/ijerph19031094
https://doi.org/10.1017/S1368980020002517
https://doi.org/10.1186/s13584-021-00482-w
https://doi.org/10.1080/23288604.2020.1752063
https://www.argentina.gob.ar/justicia/derechofacil/leysimple/salud/ley-de-etiquetado-frontal#:~:text=Est%C3%A1%20prohibida%20la%20publicidad%2C%20promoci%C3%B3n
https://www.argentina.gob.ar/justicia/derechofacil/leysimple/salud/ley-de-etiquetado-frontal#:~:text=Est%C3%A1%20prohibida%20la%20publicidad%2C%20promoci%C3%B3n
https://www.argentina.gob.ar/justicia/derechofacil/leysimple/salud/ley-de-etiquetado-frontal#:~:text=Est%C3%A1%20prohibida%20la%20publicidad%2C%20promoci%C3%B3n
https://www.andi.com.co/Uploads/LEY%202120%20DEL%2030%20DE%20JULIO%20DE%202021.pdf
https://www.andi.com.co/Uploads/LEY%202120%20DEL%2030%20DE%20JULIO%20DE%202021.pdf
https://doi.org/10.1017/S1368980020003596
https://iris.paho.org/bitstream/handle/10665.2/56520/9789251367537_spa.pdf?sequence=1&isAllowed=y
https://iris.paho.org/bitstream/handle/10665.2/56520/9789251367537_spa.pdf?sequence=1&isAllowed=y
https://doi.org/10.1057/s41271-019-00206-0
https://doi.org/10.1057/s41271-019-00206-0
https://doi.org/10.1146/annurev-nutr-071812-161133
https://doi.org/10.1146/annurev-nutr-071812-161133
https://doi.org/10.3390/nu12103199
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/reference-guide-understanding-using-data-2015.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/reference-guide-understanding-using-data-2015.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/reference-guide-understanding-using-data-2015.html
https://www.canada.ca/en/health-canada/services/food-nutrition/food-nutrition-surveillance/health-nutrition-surveys/canadian-community-health-survey-cchs/reference-guide-understanding-using-data-2015.html
https://doi.org/10.1093/ajcn/88.2.324
https://www150.statcan.gc.ca/n1/en/catalogue/82M0024X
https://nap.nationalacademies.org/collection/57/dietary-reference-intakes
https://nap.nationalacademies.org/collection/57/dietary-reference-intakes
https://publications.gc.ca/site/archivee-archived.html?url=https://publications.gc.ca/collections/collection_2016/sc-hc/H164-189-2-2016-eng.pdf
https://publications.gc.ca/site/archivee-archived.html?url=https://publications.gc.ca/collections/collection_2016/sc-hc/H164-189-2-2016-eng.pdf
https://publications.gc.ca/site/archivee-archived.html?url=https://publications.gc.ca/collections/collection_2016/sc-hc/H164-189-2-2016-eng.pdf
https://doi.org/10.1016/S1499-2671(11)52226-9
https://doi.org/10.1155/2014/748750
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/publications/2019/ncdprime-modelling-the-impact-of-national-policies-on-noncommunicable-disease-ncd-mortality-using-prime-a-policy-scenario-modelling-tool-2019
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/publications/2019/ncdprime-modelling-the-impact-of-national-policies-on-noncommunicable-disease-ncd-mortality-using-prime-a-policy-scenario-modelling-tool-2019
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/publications/2019/ncdprime-modelling-the-impact-of-national-policies-on-noncommunicable-disease-ncd-mortality-using-prime-a-policy-scenario-modelling-tool-2019
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/publications/2019/ncdprime-modelling-the-impact-of-national-policies-on-noncommunicable-disease-ncd-mortality-using-prime-a-policy-scenario-modelling-tool-2019
https://doi.org/10.1016/j.lanepe.2020.100018
https://doi.org/10.1016/j.lanepe.2020.100018
https://doi.org/10.1371/journal.pone.0245388
https://doi.org/10.1371/journal.pone.0235514

Flexner et al.

72. Alston L, Peterson KL, Jacobs JP, Allender S, Nichols M. Quantifying the role of
modifiable risk factors in the differences in cardiovascular disease mortality rates
between metropolitan and rural populations in Australia: a macrosimulation modelling
study. BMJ Open. (2017) 7:¢018307. doi: 10.1136/bmjopen-2017-018307

73. Goiana-da-Silva F, Cruz-e-Silva D, Allen L, Gregério MJ, Severo M, Nogueira PJ,
et al. Modelling impacts of food industry co-regulation on noncommunicable disease
mortality, Portugal. Bull World Health Organ. (2019) 97:450-9. doi: 10.2471/
BLT.18.220566

74. Scarborough P, Morgan RD, Webster P, Rayner M. Differences in coronary heart
disease, stroke and cancer mortality rates between England, Wales, Scotland and
Northern Ireland: the role of diet and nutrition. BMJ Open. (2011) 1:e000263. doi:
10.1136/bmjopen-2011-000263

75. Egnell M, Crosetto P, d'Almeida T, Kesse-Guyot E, Touvier M, Ruffieux B, et al.
Modelling the impact of different front-of-package nutrition labels on mortality from
non-communicable chronic disease. Int ] Behav Nutr Phys Act. (2019) 16:56. Epub
2019/07/17. doi: 10.1186/s12966-019-0817-2

76. Alston L, Jacobs J, Allender S, Nichols M. A comparison of the modelled impacts
on CVD mortality if attainment of public health recommendations was achieved in
metropolitan and rural Australia. Public Health Nutr. (2020) 23:339-47. doi: 10.1017/
$136898001900199X

77. Dubois P, Albuquerque P, Allais O, Bonnet C, Bertail P, Combris P, et al. Effects of
front-of-pack labels on the nutritional quality of supermarket food purchases: evidence
from a large-scale randomized controlled trial. ] Acad Mark Sci. (2021) 49:119-38. doi:
10.1007/s11747-020-00723-5

78. Saha S, Nordstrom J, Mattisson I, Nilsson PM, Gerdtham U-G. Modelling the
effect of compliance with Nordic nutrition recommendations on cardiovascular disease
and cancer mortality in the Nordic countries. Nutrients. (2019) 11:1434. doi: 10.3390/
null061434

79. Saha S, Nordstrom J, Gerdtham U-G, Mattisson I, Nilsson PM, Scarborough P.
Prevention of cardiovascular disease and cancer mortality by achieving healthy dietary
goals for the Swedish population: a macro-simulation modelling study. Int ] Environ Res
Public Health. (2019) 16:890. doi: 10.3390/ijerph16050890

80. Kaur A, Scarborough P, Rayner M. Regulating health and nutrition claims in the
UK using a nutrient profile model: an explorative modelled health impact assessment.
Int ] Behav Nutr Phys Act. (2019) 16:1-11. doi: 10.1186/s12966-019-0778-5

81. Smed S, Scarborough P, Rayner M, Jensen JD. The effects of the Danish saturated
fat tax on food and nutrient intake and modelled health outcomes: an econometric and
comparative risk assessment evaluation. Eur J Clin Nutr. (2016) 70:681-6. doi: 10.1038/
€jcn.2016.6

82. Mhurchu CN, Eyles H, Genc M, Scarborough P, Rayner M, Mizdrak A, et al.
Effects of health-related food taxes and subsidies on mortality from diet-related disease
in New Zealand: an econometric-epidemiologic modelling study. PLoS One. (2015)
10:¢0128477. doi: 10.1371/journal.pone.0128477

83. Briggs AD, Kehlbacher A, Tiffin R, Scarborough P. Simulating the impact on health
of internalising the cost of carbon in food prices combined with a tax on sugar-sweetened
beverages. BMC Public Health. (2015) 16:1-14. doi: 10.1186/s12889-016-2723-8

84. Briggs AD, Mytton OT, Madden D, O’Shea D, Rayner M, Scarborough P. The
potential impact on obesity of a 10% tax on sugar-sweetened beverages in Ireland, an
effect assessment modelling study. BMC Public Health. (2013) 13:860. doi:
10.1186/1471-2458-13-860

85. Briggs AD, Mytton OT, Kehlbacher A, Tiffin R, Rayner M, Scarborough P. Overall
and income specific effect on prevalence of overweight and obesity of 20% sugar
sweetened drink tax in UK: econometric and comparative risk assessment modelling
study. BMJ. (2013) 347:f6189. doi: 10.1136/bmj.f6189

86. Scarborough P, Nnoaham KE, Clarke D, Capewell S, Rayner M. Modelling the
impact of a healthy diet on cardiovascular disease and cancer mortality. ] Epidemiol
Community Health. (2012) 66:420-6. doi: 10.1136/jech.2010.114520

87. Scarborough P, Allender S, Clarke D, Wickramasinghe K, Rayner M. Modelling
the health impact of environmentally sustainable dietary scenarios in the UK. Eur J Clin
Nutr. (2012) 66:710-5. doi: 10.1038/ejcn.2012.34

88. Goiana-da-Silva F, Cruz-e-Silva D, Rito A, Lopes C, Muc M, Darzi A, et al.
Modeling the health impact of legislation to limit the salt content of bread in Portugal:
a macro simulation study. Front Public Health. (2022):876827:10. doi: 10.3389/
fpubh.2022.876827

89. Belanger M, Poirier M, Jbilou J, Scarborough P. Modelling the impact of
compliance with dietary recommendations on cancer and cardiovascular disease
mortality in Canada. Public Health. (2014) 128:222-30. Epub 2014/03/13. doi: 10.1016/j.
puhe.2013.11.003

90. Labonté M-E, Emrich TE, Scarborough P, Rayner M, L'Abbé MR. Traffic light
labelling could prevent mortality from noncommunicable diseases in Canada: a scenario
modelling study. PLoS One. (2019) 14:¢0226975. doi: 10.1371/journal.pone.0226975

91. Statistics Canada. Table 17-10-0005-01 population estimates on July 1st, by age and
sex (2019) Available at: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501

92. Statistics Canada. Table 13-10-0142-01 deaths, by cause, chapter ii: Neoplasms
(C00 to D48) (2019) Available at: https://wwwl50.statcan.gc.ca/tl/tbll/en/tv.
action?pid=1310014201

Frontiers in Nutrition

15

10.3389/fnut.2023.1098231

93. Statistics Canada. Table 13-10-0144-01 deaths, by cause, chapter iv: Endocrine,
nutritional and metabolic diseases (E00 to E90) (2019). Available at: https://www150.
statcan.gc.ca/t1/tbll/en/tv.action?pid=1310014401

94. Statistics Canada. Table 13-10-0147-01 deaths, by cause, chapter ix: Diseases of the
circulatory system (100 to 199) (2019) Available at: https://www150.statcan.gc.ca/t1/tbl1/
en/tv.action?pid=1310014701

95. Statistics Canada. Table 13-10-0151-01 deaths, by cause, chapter xiv: Diseases of
the genitourinary system (NOO to N99) (2019) Available at: https://www150.statcan.
gc.ca/tl/tbll/en/tv.action?pid=1310015101

96. Statistics Canada. Table 13-10-0148-01 deaths, by cause, chapter xi: Diseases of the
digestive system (K00 to K93) (2019) Available at: https://www150.statcan.gc.ca/t1/tbl1/
en/tv.action?pid=1310014801

97. Nikoloski Z, Alqunaibet AM, Alfawaz RA, Almudarra SS, Herbst CH, El-Saharty
S, et al. Covid-19 and non-communicable diseases: evidence from a systematic literature
review. BMC Public Health. (2021) 21:1-9. doi: 10.1186/s12889-021-11116-w

98. Chang AY, Cullen MR, Harrington RA, Barry M. The impact of novel coronavirus
COVID-19 on noncommunicable disease patients and health systems: a review. ] Intern
Med. (2021) 289:450-62. doi: 10.1111/joim.13184

99. Lamarche B, Brassard D, Lapointe A, Laramée C, Kearney M, Coté M, et al.
Changes in diet quality and food security among adults during the COVID-19-related
early lockdown: results from Nutriquébec. Am J Clin Nutr. (2021) 113:984-92. doi:
10.1093/ajcn/nqaa363

100. Carroll N, Sadowski A, Laila A, Hruska V, Nixon M, Ma DW, et al. The impact
of Covid-19 on health behavior, stress, financial and food security among middle to high
income Canadian families with young children. Nutrients. (2020) 12:2352. doi: 10.3390/
nul2082352

101. Acton RB, Vanderlee L, Cameron AJ, Goodman S, Jauregui A, Sacks G, et al.
Self-reported impacts of the COVID-19 pandemic on diet-related behaviours and food
security in five countries: results from the international food policy study 2020. J Nutr.
(2022) 152:535-46. doi: 10.1093/jn/nxac025

102. World Health Organization. International classification of diseases 10 (2016)
Available at: https://icd.who.int/browse10/2016/en#/120-125.

103. National Cancer Institute. Usual dietary intakes: SAS macros for the NCI method
(2018) Available at: https://epi.grants.cancer.gov/diet/usualintakes/macros.html

104. Davis KA, Gonzalez A, Loukine L, Qiao C, Sadeghpour A, Vigneault M, et al.
Early experience analyzing dietary intake data from the Canadian community health
survey—nutrition using the National Cancer Institute (NCI) method. Nutrients. (2019)
11:1908. doi: 10.3390/nul11081908

105. Cifelli CJ, Houchins JA, Demmer E, Fulgoni VL III Increasing plant based foods
or dairy foods differentially affects nutrient intakes: dietary scenarios using Nhanes
2007-2010. Nutrients. (2016) 8:422. doi: 10.3390/nu8070422

106. Quann EE, Fulgoni VL, Auestad N. Consuming the daily reccommended amounts
of dairy products would reduce the prevalence of inadequate micronutrient intakes in
the United States: diet modeling study based on NHANES 2007-2010. Nutr J. (2015)
14:1-11. doi: 10.1186/s12937-015-0057-5

107. Goverment of Canada. Usual intakes from food for energy, nutrients and other
dietary components. (2020) Available at:
dataset/31599960-2cle-4d90-a9d9-979ad0elabb4

https://open.canada.ca/data/en/

108. Vanderlee L, Franco-Arellano B, Ahmed M, Oh A, Lou W, L'Abbe MR. The
efficacy of 'High in' warning labels, health star and traffic light front-of-package labelling:
An online randomised control trial. Public Health Nutr. (2021) 24:62-74. doi: 10.1017/
$1368980020003213

109. Ahmed M, Oh A, Vanderlee L, Franco-Arellano B, Schermel A, Lou W, et al.
A randomized controlled trial examining Consumers' perceptions and opinions on
using different versions of a Foodflip(C) smartphone application for delivery of
nutrition information. Int J Behav Nutr Phys Act. (2020) 17:22. doi: 10.1186/
$12966-020-0923-1

110. Rennow HN. The effect of front-of-pack nutritional labels and Back-of-pack
tables on dietary quality. Nutrients. (2020) 12:1704. doi: 10.3390/nu12061704

111. Statistics Canada. Health fact sheets. Blood pressure of adults, 2016-2019. (2021)
Available at: https://www150.statcan.gc.ca/n1/pub/82-625-x/2021001/article/00001-eng.htm

112. Statistics Canada. Overweight and obese adults, 2018. Health fact sheets (2019)
Available at: https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.
htm

113. Diabetes Canada. Diabetes in Canada. 2022 backgrounder. (2022). Available at:
https://www.diabetes.ca/DiabetesCanadaWebsite/media/Advocacy-and-Policy/
Backgrounder/2022_Backgrounder_Canada_English_1.pdf

114. Yoon C-Y, Noh J, Lee J, Kee YK, Seo C, Lee M, et al. High and low sodium
intakes are associated with incident chronic kidney disease in patients with Normal

renal function and hypertension. Kidney Int. (2018) 93:921-31. doi: 10.1016/j.
kint.2017.09.016

115. Strazzullo P, D’Elia L, Kandala N-B, Cappuccio FP. Salt intake, stroke, and
cardiovascular disease: meta-analysis of prospective studies. BMJ. (2009) 339:b4567. doi:
10.1136/bmj.b4567

frontiersin.org


https://doi.org/10.3389/fnut.2023.1098231
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1136/bmjopen-2017-018307
https://doi.org/10.2471/BLT.18.220566
https://doi.org/10.2471/BLT.18.220566
https://doi.org/10.1136/bmjopen-2011-000263
https://doi.org/10.1186/s12966-019-0817-2
https://doi.org/10.1017/S136898001900199X
https://doi.org/10.1017/S136898001900199X
https://doi.org/10.1007/s11747-020-00723-5
https://doi.org/10.3390/nu11061434
https://doi.org/10.3390/nu11061434
https://doi.org/10.3390/ijerph16050890
https://doi.org/10.1186/s12966-019-0778-5
https://doi.org/10.1038/ejcn.2016.6
https://doi.org/10.1038/ejcn.2016.6
https://doi.org/10.1371/journal.pone.0128477
https://doi.org/10.1186/s12889-016-2723-8
https://doi.org/10.1186/1471-2458-13-860
https://doi.org/10.1136/bmj.f6189
https://doi.org/10.1136/jech.2010.114520
https://doi.org/10.1038/ejcn.2012.34
https://doi.org/10.3389/fpubh.2022.876827
https://doi.org/10.3389/fpubh.2022.876827
https://doi.org/10.1016/j.puhe.2013.11.003
https://doi.org/10.1016/j.puhe.2013.11.003
https://doi.org/10.1371/journal.pone.0226975
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014201
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014201
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310015101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310015101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014801
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310014801
https://doi.org/10.1186/s12889-021-11116-w
https://doi.org/10.1111/joim.13184
https://doi.org/10.1093/ajcn/nqaa363
https://doi.org/10.3390/nu12082352
https://doi.org/10.3390/nu12082352
https://doi.org/10.1093/jn/nxac025
https://icd.who.int/browse10/2016/en#/I20-I25
https://epi.grants.cancer.gov/diet/usualintakes/macros.html
https://doi.org/10.3390/nu11081908
https://doi.org/10.3390/nu8070422
https://doi.org/10.1186/s12937-015-0057-5
https://open.canada.ca/data/en/dataset/31599960-2c1e-4d90-a9d9-979ad0e1abb4
https://open.canada.ca/data/en/dataset/31599960-2c1e-4d90-a9d9-979ad0e1abb4
https://doi.org/10.1017/S1368980020003213
https://doi.org/10.1017/S1368980020003213
https://doi.org/10.1186/s12966-020-0923-1
https://doi.org/10.1186/s12966-020-0923-1
https://doi.org/10.3390/nu12061704
https://www150.statcan.gc.ca/n1/pub/82-625-x/2021001/article/00001-eng.htm
https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.htm
https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.htm
https://www.diabetes.ca/DiabetesCanadaWebsite/media/Advocacy-and-Policy/Backgrounder/2022_Backgrounder_Canada_English_1.pdf
https://www.diabetes.ca/DiabetesCanadaWebsite/media/Advocacy-and-Policy/Backgrounder/2022_Backgrounder_Canada_English_1.pdf
https://doi.org/10.1016/j.kint.2017.09.016
https://doi.org/10.1016/j.kint.2017.09.016
https://doi.org/10.1136/bmj.b4567

Flexner et al.

116. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, Meerpohl JJ. Effect
of lower sodium intake on health: systematic review and meta-analyses. BMJ. (2013)
346:f1326. doi: 10.1136/bm;j.f1326

117. O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, et al. Risk factors
for Ischaemic and intracerebral Haemorrhagic stroke in 22 countries (the Interstroke study):
a case-control study. Lancet. (2010) 376:112-23. doi: 10.1016/S0140-6736(10)60834-3

118. Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic
review and meta-analyses of randomised controlled trials and cohort studies. BM].
(2013) 346:€7492. doi: 10.1136/bmj.e7492

119. Te Morenga LA, Howatson AJ, Jones RM, Mann J. Dietary sugars and
cardiometabolic risk: systematic review and meta-analyses of randomized controlled
trials of the effects on blood pressure and lipids. Am J Clin Nutr. (2014) 100:65-79. doi:
10.3945/ajcn.113.081521

120. Malik VS, Popkin BM, Bray GA, Després J-P, Willett WC, Hu FB. Sugar-
sweetened beverages and risk of metabolic syndrome and type 2 diabetes: a meta-
analysis. Diabetes Care. (2010) 33:2477-83. doi: 10.2337/dc10-1079

121. Yang Q, Zhang Z, Gregg EW, Flanders WD, Merritt R, Hu FB. Added sugar intake
and cardiovascular diseases mortality among us adults. JAMA Intern Med. (2014)
174:516-24. doi: 10.1001/jamainternmed.2013.13563

122. Basto-Abreu A, Torres-Alvarez R, Reyes-Sanchez F, Gonzalez-Morales R, Canto-
Osorio E, Colchero MA, et al. Predicting obesity reduction after implementing warning
labels in Mexico: a modeling study. PLoS Med. (2020) 17:¢1003221. doi: 10.1371/journal.
pmed.1003221

123. Jones AC, Veerman JL, Hammond D. The health and economic impact of a tax on
sugary drinks in Canada. (2017).

124. Cleghorn C, Blakely T, Jones A, Kvizhinadze G, Mizdrak A, Nghiem N, et al.
Feasible diet intervention options to improve health and save costs for the New Zealand
population. (2019).

125. Trieu K, Coyle DH, Afshin A, Neal B, Marklund M, Wu JH. The estimated health
impact of sodium reduction through food reformulation in Australia: a modeling study.
PLoS Med. (2021) 18:¢1003806. doi: 10.1371/journal.pmed.1003806

Frontiers in Nutrition

16

10.3389/fnut.2023.1098231

126. Teng AM, Jones AC, Mizdrak A, Signal L, Geng M, Wilson N. Impact of sugar-
sweetened beverage taxes on purchases and dietary intake: systematic review and meta-
analysis. Obes Rev. (2019) 20:1187-204. doi: 10.1111/0br.12868

127. Bernstein JT, Christoforou AK, Weippert M, LAbbé MR. Reformulation of sugar
contents in Canadian prepackaged foods and beverages between 2013 and 2017 and
resultant changes in nutritional composition of products with sugar reductions. Public
Health Nutr. (2020) 23:2870-8. doi: 10.1017/S1368980020001159

128. Rebolledo N, Reyes M, Popkin BM, Adair L, Avery CL, Corvalan C, et al.
Changes in nonnutritive sweetener intake in a cohort of preschoolers after the
implementation of Chile's law of food labelling and advertising. Pediatr Obes. (2022)
17:¢12895. doi: 10.1111/ijpo.12895

129. Mulligan C, Lee JJ, Vergeer L, Ahmed M, LAbbé MR. Evaluating the potential
implications of Canadian front-of-pack labelling regulations in generic and branded
food composition databases. BMC Public Health. (2022) 22:1866. doi: 10.1186/
512889-022-14269-4

130. Appelhans BM, French SA, Tangney CC, Powell LM, Wang Y. To what extent do
food purchases reflect shoppers’ diet quality and nutrient intake? Int ] Behav Nutr Phys
Act. (2017) 14:1-10. doi: 10.1186/s12966-017-0502-2

131. Pan American health Organization. Ultra-processed food and drink products in
Latin America: Trends, impact on obesity, policy implications. (2015). Available at:

https://iris.paho.org/bitstream/handle/10665.2/7699/9789275118641_eng.
pdf?sequence=5&isAllowed=y

132. Salud. GACMd. Encuesta Nacional De Salud 2016-2017. Segunda Entrega De
Resultados. (2018). Available at: https://www.minsal.cl/wp-content/uploads/2018/01/2
Resultados-ENS_MINSAL_31_01_2018.pdf

133. Corvalan C, Reyes M, Garmendia ML, Uauy R. Structural responses to the
obesity and non-communicable diseases epidemic: update on the Chilean law of food
labelling and advertising. Obes Rev. (2019) 20:367-74. doi: 10.1111/0br.12802

134. World Obesity. Global obesity observatory. Who Americas region. (2022).
Available at:
prevalence

https://data.worldobesity.org/region/who-americas-region-3/#data_

frontiersin.org


https://doi.org/10.3389/fnut.2023.1098231
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1136/bmj.f1326
https://doi.org/10.1016/S0140-6736(10)60834-3
https://doi.org/10.1136/bmj.e7492
https://doi.org/10.3945/ajcn.113.081521
https://doi.org/10.2337/dc10-1079
https://doi.org/10.1001/jamainternmed.2013.13563
https://doi.org/10.1371/journal.pmed.1003221
https://doi.org/10.1371/journal.pmed.1003221
https://doi.org/10.1371/journal.pmed.1003806
https://doi.org/10.1111/obr.12868
https://doi.org/10.1017/S1368980020001159
https://doi.org/10.1111/ijpo.12895
https://doi.org/10.1186/s12889-022-14269-4
https://doi.org/10.1186/s12889-022-14269-4
https://doi.org/10.1186/s12966-017-0502-2
https://iris.paho.org/bitstream/handle/10665.2/7699/9789275118641_eng.pdf?sequence=5&isAllowed=y
https://iris.paho.org/bitstream/handle/10665.2/7699/9789275118641_eng.pdf?sequence=5&isAllowed=y
https://www.minsal.cl/wp-content/uploads/2018/01/2-Resultados-ENS_MINSAL_31_01_2018.pdf
https://www.minsal.cl/wp-content/uploads/2018/01/2-Resultados-ENS_MINSAL_31_01_2018.pdf
https://doi.org/10.1111/obr.12802
https://data.worldobesity.org/region/who-americas-region-3/#data_prevalence
https://data.worldobesity.org/region/who-americas-region-3/#data_prevalence

	Estimating the dietary and health impact of implementing front-of-pack nutrition labeling in Canada: A macrosimulation modeling study
	1. Introduction
	2. Materials and methods
	2.1. Baseline dietary data: CCHS - Nutrition 2015
	2.2. FOPL counterfactual scenarios
	2.2.1. Scenario 1: Based on early evaluations of the Chilean Food Labeling and Marketing Law – overall changes
	2.2.2. Scenario 2: Based on early evaluations of the Chilean Food Labeling and Marketing Law – changes disaggregated by food and beverages
	2.2.3. Scenario 3: Based on a Canadian randomized experimental marketplace study – changes disaggregated by snack food and beverages
	2.2.4. Scenario 4: Based on a meta-analysis on the impact of nutrient warning labeling – overall changes
	2.2.5. Sensitivity analysis
	2.3. Mean height and BMI data: CCHS - Nutrition 2015
	2.4. Health impact modeling
	2.4.1. Canadian specific population demographics and diet-related NCD mortality burden
	2.5. Statistical analyses

	3. Results
	3.1. Sample characteristics
	3.2. Baseline scenario: Actual usual calorie and nutrient intakes
	3.3. FOPL counterfactual scenarios: Potential dietary and health gains
	3.3.1. S1: Based on early evaluations of the Chilean Food Labeling and Marketing Law – overall changes
	3.3.2. S2: Based on early evaluations of the Chilean Food Labeling and Marketing Law – changes disaggregated by food and beverages
	3.3.3. S3: Based on a Canadian randomized experimental marketplace study- changes disaggregated by snack food and beverages
	3.3.4. S4: Based on a meta-analysis on the impact of nutrient warning labeling – overall changes
	3.3.5. Potential dietary and health gains by sex
	3.4. Sensitivity analysis

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	﻿References

