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Abstract

Background Chile’s Food Labelling Law was implemented in three phases with increasingly stricter limits. After
initial implementation, sugars and sodium decreased in packaged foods, with no significant changes for saturated
fats. It is unclear whether full implementation is linked with further reformulation or if producers reversed changes
due to consumers’ preferences. This study examines changes in the proportion of “high in” products and the nutrient
content of packaged foods during the Law’s three phases.

Methods This repeated cross-sectional study included the best-selling packaged foods and beverages during 2015-
2020. We analyzed the proportion of products classified as “high in” critical nutrients using the final phase cutoffs

and examined changes in the content of calories, sugars, sodium, and saturated fats in the three phases. To assess
the changes in proportions, we used Firth's bias-reduced logistic regression models and the Cochran-Armitage test
for trends. Quantile regression was used to evaluate changes in nutrient content.

Results The proportion of “high in"products decreased from 70.8 to 52.5% after the final phase (p <0.001). The pro-
portion of “high in”sugars products decreased across all sweet food and beverage groups (p<0.001), except for can-
dies (—4.5 percentage points (pp), p=0.09). The largest reductions occurred in sweet spreads and breakfast cere-

als (—44.3 and —40.4 pp, respectively, p<0.001). For the proportion of “high in” sodium, reductions occurred in all
savory food groups (p <0.001), except cheeses and ready-to-eat meals (p < 0.24), with the largest decreases in savory
baked products and non-sausage meat products (—40.4 and —38.9 pp, respectively, p <0.001). Reductions in “high
in"saturated fats and energy were less consistent, with the largest decreases in nuts and snacks and savory spreads
(—22.2 and—20.0 pp, respectively, p<0.001) and savory baked products and breakfast cereals (—32.8 and—25.7 pp,
respectively, p <0.001), respectively. After full implementation, most sweet categories showed left shifts in sugars
distribution, except for candies. Similarly, most savory categories showed left shifts for sodium, except savory spreads
and ready-to-eat meals. Changes increased as regulation limits tightened (p for trend <0.001).
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Conclusions After fully implementing Chile’s law, the proportion of “high in” products and the content of critical
nutrients decreased in all food and beverage categories. The largest changes occurred for sodium in savory foods
and sugars in sweet foods/beverages. Stricter regulatory limits were associated with decreases in critical nutrient

content over time.

Keywords Food reformulation, Chile Food Labelling Law, Food environment regulation, Critical nutrients

Background

In June 2016, Chile was the first country to implement
a unique regulation that combines three actions to pro-
mote healthier food environments [1]. The Food Label-
ling and Advertising Law includes the use of black
octagonal warning labels on the front-of-package of
unhealthy foods to inform consumers that certain prod-
ucts have a high content of calories or added nutrients
associated with an increased risk of nutrition-related
chronic diseases (NCDs) (i.e., saturated fats, total sugars,
and sodium). Then, there are comprehensive restrictions
to decrease the exposure to the marketing of unhealthy
foods for children under 14 years. Finally, unhealthy
food products and beverages cannot be sold, promoted,
or distributed for free (i.e., in school feeding programs)
in school environments [1]. The regulation was imple-
mented in three phases, defining limits for the regu-
lated nutrients that became increasingly stricter over
four years.

Previous studies have shown that after the initial
implementation of the regulation, there were important
changes in the food environment [2, 3]. These changes
were associated with a decrease in purchases of “high in”
foods and beverages, resulting in reductions in purchases
of calories, sugars, sodium, and saturated fats due to both
product reformulation and changes in purchasing behav-
ior [4, 5]. In the food supply, after the initial implemen-
tation, we observed important reductions in the content
of total sugars and sodium in some food groups, such as
beverages, milk and milk-based products, breakfast cere-
als, sweets spreads, and savory spreads, among others [6].
Given that the regulation limits became stricter between
the initial and final phases, it is unclear whether the
implementation of the following phases of the regulation
was associated with further changes in the food supply.
For example, the initial implementation limits for solids
per 100 g were 350 kcal, 22.5 g of sugars, 6 g of saturated
fats, and 800 mg of sodium. After full implementation,
these limits were reduced to 275 kcal, 10 g of sugars, 4 g
of saturated fats, and 400 mg of sodium. The stricter lim-
its could lead either to progressive reformulation or a
limitation of the reformulation effort.

Assessing the overall changes after the regulation
is relevant because it provides insight into whether
stricter limits are associated with further reformulation.

Additionally, there is a concern that some changes in
the nutrient composition of food products may not be
sustained if consumers do not adapt their food prefer-
ences at a similar speed. Therefore, in the current study,
we aimed to examine changes in the proportion of regu-
lated products and changes in energy, total sugars, satu-
rated fats, and sodium in packaged foods and beverages
before (2015-2016) and after each of the three regulatory
phases (2017, 2019, 2020) of the Chilean Food Labelling
and Advertising Law. While the observational nature of
this study cannot establish causality, it provides valuable
insights into the changes in the nutritional composition
of food products during the law’s three phases.

Methods

Summary of study design

This is a prospective repeated cross-sectional study.
Nutrition facts panel data were collected annually from
2015 to 2020 in supermarkets in Santiago, Chile. We
defined four periods corresponding to the phases of the
Chilean law: pre-law (T0: 2015-2016), initial phase (T1:
2017), second phase (T2: 2019), and final phase (T3:
2020). Each regulatory phase (T1, T2, and T3) was com-
pared with the pre-law period (T0). A timeline of the data
collection and the implementation of the phases of the
law is available in Fig. 1.

The analytic sample included the best-selling packaged
foods and beverages with sales>1% within their food
groups, according to Euromonitor International Data-
base food categories available in 2022 [7]. These products
accounted for over 95% of the total market share, except
for chocolate confectionery and sweet biscuits (~80%,
Additional File 1: Table S1). Sensitivity analyses, includ-
ing all products collected, irrespective of their market
share, are also presented in Additional File 1. Products
were categorized as “high in” if they contained added
sugars, saturated fats, or sodium and surpassed the
nutrient limits set by the final phase of the law (Fig. 1).
Changes in the proportion of “high in” products were
analyzed using Firth’s bias-reduced logistic regression
models, while changes in the content of calories, total
sugars, sodium, and saturated fats were assessed using
quantile regression.

This study expands on our previous work assessing the
reformulation of foods and beverages during the initial
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Chilean Law on Food Labelling and Advertising (Ley 20.606, amended by Ley 20.869)

PHASE 1
26 June 2016

Implementation
guidelines published
26 June 2015

10 T0 T

2015 2016 2017

2018

PHASE 2
26 June 2018

Advertising ban*
6 July 2018

PHASE 3
26 June 2019

12 T3

2019 2020

Nutrition facts panel data collection

REGULATED NUTRIENTS PHASE 1 m PHASE 3
350 300 275

Energy (kcal/100 g)
Total sugars (g/100 g)

Solids
Saturated fats (g/100 g)
Sodium (mg/100 g)
Energy (kcal/100 ml)
Total sugars (g/100 ml)
Liquids

Saturated fats (g/100 ml)
Sodium (mg/100 ml)

225 15 10
6 5 4
800 500 400
100 80 70
6 5 5
3 3 3
100 100 100

* Advertising ban refers to the restriction of advertising on TV, radio, or cinema from 6:00 a.m.—
10:00 p.m. any food or beverage product that contains added sugars, saturated fats, or
sodium and exceeds set nutrient thresholds.

Fig. 1 Timeline of the implementation of the Chilean Law of Food Labelling and Advertising and data collection. TO, preimplementation period;
T1, postimplementation of the 1st phase of the law; T2, postimplementation of the 2nd phase of the law; T3, postimplementation of the 3rd phase

of the law

implementation of the law (T0 vs T1) [6]. While the ear-
lier study analyzed both longitudinal and cross-sectional
samples, showing consistent results, the current analysis
is restricted to repeated cross-sectional samples. This
adjustment was necessary given the decrease in the sam-
ple size for foods and beverages collected longitudinally
through T0, T1, T2, and T3. Additionally, while the ear-
lier study applied nutrient and calorie thresholds spe-
cific to the first phase of the law (available in Fig. 1), the
current study uniformly applies the final phase’s nutri-
ent thresholds across all phases. This approach ensures
a consistent basis for comparison over time (i.e., using
the same criteria to define “high in” foods). However, it
does not reflect the actual thresholds used at that time
according to the staggered implementation strategy.
Also, during the 2020 data collection wave, some super-
markets were replaced (details provided below). For sta-
tistical analysis, we used Firth’s bias-reduced logistic
regression to assess the differences in the proportion of
“high in” products instead of the chi-squared test. Apart
from these distinctions, most methodological elements
remained consistent between the two studies, includ-
ing the criteria for data collection, the definition of
best-selling products, and exclusion parameters. These

methodological decisions are relevant when interpreting
current results and comparing both studies.

The Chilean Food Labelling and Advertising Law

Chile’s law requires packaged foods and beverages with
added sugars, sodium, or saturated fats and exceeding
defined thresholds for these nutrients or caloric content
to carry front-of-package warning labels with the words
“high in” sugars, sodium, saturated fats, and/or calo-
ries. The labels are black and white stop signs, and each
packaged food and beverage can carry up to four labels
(Additional File 1: Fig. S1). “High in” products are sub-
ject to marketing restrictions for children and banned
from sale or promotion in schools and nurseries. The law
was implemented in three phases (2016, 2018, and 2019),
with progressively restrictive nutrient thresholds for sol-
ids and liquids (Fig. 1). It is important to note that small
and very small food producers were granted a three-year
delay in implementing the law [1]. Therefore, those prod-
ucts began to be labelled in June 2019 using the first-
phase thresholds. Micro-enterprises are exempt from the
regulation until June 2026 [8].
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The Chilean Nutrition Facts Panel (NFP) database

The NFP database contains nutrition information for
packaged products in the Chilean food supply. These
data were obtained from photographs of products that
a team of Chilean nutrition research assistants collected
in stores located in Santiago between 2015 and 2020. The
data collection methods have been previously described
in the literature [9]. Briefly, data were collected in annual
waves from January to February each year. Photographs
were collected from 6 to 8 major supermarkets due to
an agreement with the Chilean National Association
of Supermarkets (ASACH). The selected supermarkets
represented one of the six major national supermarket
chains, known for having a greater variety of food prod-
ucts. Three candy distributors were also included to
increase the variety of candies and sweet confectioneries.
Given the protests in Chile in the final quarter of 2019,
we slightly modified the 2020 data collection because
some supermarkets remained closed during the data
collection period in January and February (before the
COVID-19 pandemic). We replaced these supermarkets
with others from the same chain that were geographically
close to the previously visited locations.

During the fieldwork, research assistants took four
mandatory photos of each packaged product available
in the supermarket: the front of the package, the nutri-
tion facts panel, the list of ingredients, and the warning
labels (or a note indicating “no warning label”). After data
collection, trained dietitians reviewed the photos and
entered general identifying information for each product
on a software that our team developed for this purpose.
Information coded included: general information such
as barcode, brand, flavor or other important identifier
details, manufacturer, among others, presence of labels,
ingredients list, amount of energy and nutrients (i.e., pro-
tein, carbohydrates, total sugars, total fats, fat subtypes
if available, sodium, micronutrients, nonnutritive sweet-
eners) per 100 g (g) or 100 ml (mL), and reconstitution
instructions when available. Quality control checks were
conducted throughout the period by a supervisor and
pictures were rechecked for accuracy in the data entry.

Food and beverage groups

Each food and beverage available in the NFP data was
categorized into one of 16 mutually exclusive food
groups based on adapted classifications used in previous
research [6]. These groups were created to visualize the
potential changes in regulated nutrients. Therefore, we
separated solids from liquids due to different regulation
thresholds. The groups for this research were as follows:
beverages (sugar-sweetened, nonnutritive-sweetened,
and unsweetened); milks and milk-based drinks; yogurts;

Page 4 of 18

breakfast cereals (ready-to-eat and to be prepared); sweet
baked products; desserts, ice creams, and processed
fruits; candies and sweet confectionery; sweet spreads;
savory baked products; nuts and snacks; savory spreads,
seasonings, and dressings; cheeses; ready-to-eat meals;
sausages; non-sausage meat products; and soups (pow-
dered and ready-to-eat).

Data processing and definition of the analytical sample
Figure 2 shows the number of products included and
excluded from the analytical sample. A total of 55,955
products were photographed across five data collec-
tion waves conducted between 2015 and 2020. All data
collected in 2015 and 2016 (pre-policy implementation,
TO) were pooled to build a larger baseline dataset. We
retained the most recent product in case of duplicates
(i.e., only items collected in 2016 were included). Data
collected in 2017, 2019, and 2020 represented the ini-
tial phase (T1), second phase (T2), and final phase (T3)
of the law, respectively. The number of products photo-
graphed in each period ranged from 11,645 in 2017 (T1)
to 15,269 in 2019 (T2).

Within each of the cross-sectional samples, we col-
lected different package sizes for the same product
within a year (i.e., a beverage could have been collected
in 2 or 3 L size). However, given that these products had
the same nutritional information, ingredients list, and
Euromonitor category, we considered them duplicates.
We excluded the duplicates from the final dataset (12.9%
for TO or 2015-2016, 14.0% for T1 or 2017, 14.1% for T2
or 2019, and 12.6% for T3 or 2020). We also excluded
products that lacked relevant information (i.e., miss-
ing ingredients list, any information on the amount of
energy and nutrients, reconstitution instructions when
needed; 1.3% for TO, 1.7% for T1, 0.5% for T2 and 0.2%
for T3). For saturated fats, missing values were replaced
by 0 when the amount of total fats was below 3 g per por-
tion size because the Chilean regulations require specific
fats to be declared only if the content of total fats is equal
or above 3 g per serving [10]. Additionally, we excluded
products outside the scope of the regulation (i.e., unpro-
cessed and minimally processed foods, culinary ingre-
dients without an increase in the natural content of
regulated nutrients as part of their processing, infant for-
mulas, and baby foods without added sugars; 6.1% for TO,
8.9% for T1, 11.7% for T2, and 13.0% for T3). Lastly, we
also excluded not best-selling products (i.e., <1% market
share within each of the 32 main food groups from the
Euromonitor database available in 2022) [7]; 54.1% for
TO, 54.6% for T1, 53.6% for T2, and 53.5% for T3). For
each year, market share within a specific food group was
computed as Euromonitor sales of<product or brand
family of products>during<year> x100+addition of
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Total products collected |
n=55,955 |

47—1

Products collected in
2017
n=11,645

Products collected in 2015
and 2016
n=15,118

Duplicated products, n= 1,956 Duplicated products, n= 1,625

Exclusions: Exclusions:
Lack of relevant information, Lack of relevant information,
n=200 n=197

Not under the scope of the
regulation, n= 926
Not best-selling products, n=
8,172

Not under the scope of the
regulation, n= 1,042
Not best-selling products, n=
6,357

Analytical sample T
n=3,864

Analytical sample T
n=2,424

— 3

Products collected in
2019
n=15,269

Products collected in
2020
n=13,923

Duplicated products, n= 2,157 Duplicated products, n= 1,757

Exclusions: Exclusions:
Lack of relevant information, Lack of relevant information,
n=79 n=28

Not under the scope of the
regulation, n= 1,806
Not best-selling products, n=
7,444

Not under the scope of the
regulation, n=1,779
Not best-selling products, n=
8,189

Analytical sample T,
n=3,065

Analytical sample T3
n=2,888

Fig. 2 Flow chart describing products excluded from the analytical sample. TO, preimplementation period; T1, postimplementation of the 1st phase
of the law; T2, postimplementation of the 2nd phase of the law; T3, postimplementation of the 3rd phase of the law. Products were collected based

on their availability in supermarkets each year

sales of < Euromonitor food group>. Products meeting
the>1% of the market share of their food group were
manually selected from the list of Euromonitor prod-
ucts (or brand family of products if the product was not
directly available). The final analytic sample included
3864 products for TO, 2424 products for T1, 3065 prod-
ucts for T2, and 2888 products for T3.

Food and beverage products with high content of critical
nutrients

Packaged products under the scope of the regulation (i.e.,
those containing added sugars, saturated fats, or sodium
in the list of ingredients) [11] were defined as having a
high content of critical nutrients (i.e., “high in” products)
if their energy and nutrient contents exceeded the cutoffs
of the final phase of the law (Fig. 1). For products requir-
ing reconstitution (e.g., powdered milk, powdered soups,
concentrate juices, among others), we used the package
instructions to calculate the energy content and regu-
lated nutrients in the product as consumed.

We applied the final phase limits to the foods and bev-
erages collected at TO, T1, T2, and T3, regardless of the
phase-specific limits that were applicable at the time.
This approach allowed us to assess how the percentage
of products meeting these thresholds and their critical

nutrient content in the food supply changed throughout
the implementation of the regulation, using the limits of
the final phase as a benchmark for defining food products
with high critical nutrient content. The cutoffs for solids
or liquids were used depending on the unit of measure
displayed on the label (g for solids or mL for liquids). For
reconstituted products, we used the limits for liquids.

Data analyses
The analysis plan was preregistered on January 20, 2022,
and is available at https://osf.io/n2y87.

Outcomes

The primary outcomes were changes in the proportion
of products exceeding the final phase limits for energy,
total sugars, saturated fats, sodium, or any “high in” (i.e.,
products high in energy or at least one nutrient of con-
cern) and changes in the quartiles of energy, total sugars,
saturated fats, and sodium (amount per 100 g or 100 mL).
These changes were assessed across all products, sepa-
rately for solids and liquids, and within specific food and
beverage groups. Comparisons were made between the
pre-law period (T0) and each of the following phases of
the law (T1, T2, and T3).
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Statistical analyses

All statistical analyses were conducted on R v4.1.3
(RCoreTeam, 2022, Vienna, Austria). In the repeated
cross-sectional analysis, we assessed changes in the pro-
portion of “high in” products by contrasting the esti-
mated marginal means from Firth’s bias-reduced logistic
regression models. The Cochran-Armitage test was used
to evaluate whether these changes followed a trend over
time. Firth’s method was chosen because it adjusts the
likelihood function to address biases that arise when
dealing with zero or near-zero values, which can lead
to unreliable or infinite estimates in standard logistic
regression or other methods. By modifying the likeli-
hood, Firth’s correction provides more stable and accu-
rate estimates [12]. However, the contrasts should be
interpreted with caution, as they represent pairwise post-
hoc comparisons. Finally, we employed quantile regres-
sions with the implementation period as the independent
variable to estimate changes in the 25th, 50th, and 75th
percentiles of energy or the nutrient of concern by food
or beverage group. Density plots were generated to illus-
trate the distribution of energy and the relevant nutrients
for specific food or beverage groups for each implemen-
tation phase, allowing visual comparison of the changes
that each regulation phase.

Sensitivity analyses

The primary analyses focused on best-selling products
to capture reformulation in food and beverage products
that are more relevant from a consumption perspective.
We consider that this is a more relevant analysis from a
public health perspective. Nonetheless, we also included
full supply analyses, which are available in Additional File
1 (Fig. S2, Tables S2-5S4).

Results

Changes in the proportion of foods and beverages

with high content of critical nutrients

Table 1 shows the changes in the proportion of “high in”
products overall and for solids and liquids, and Table 2
shows the changes in the proportion of “high in” prod-
ucts by food and beverage groups, categorized according
to the nutrient limits of the final phase of the law (i.e., full
implementation).

In Table 1, we found that the overall proportion of
products with high critical nutrient content significantly
decreased from 70.8% prior to the law to 52.5% after
full implementation (p<0.001). The largest reductions
occurred for “high in” sodium (—10.6 percentual points
(pp)) and “high in” sugars (—10.5 pp), followed by “high
in” saturated fats (—4.7 pp), and energy (—3.1 pp). For
solid foods, the proportion of “high in” products signifi-
cantly decreased from 80.5% before the law to 66.8% after
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the final phase. Among liquids, the proportion of “high
in” products decreased from 51.9% before the law to
26.1% after full implementation (p <0.001).

The proportion of products with high content of sug-
ars decreased significantly from pre-law (T0) to the
final phase of the law (T3) in all sweet food categories
(p<0.05), except for candies and sweet confectionery
(Table 2). Substantial decreases (>30 pp) were observed
in the prevalence of “high in” sugars products for sweet
spreads, breakfast cereals, milk and milk-based drinks,
yogurts, and desserts. Reductions in “high in” sodium
products between TO and T3 were present in all savory
categories but did not reach statistical significance in
cheeses and ready-to-eat meals (p<0.25). The largest
decreases (~40 pp) were observed for non-sausage meat
products and savory baked products.

Decreases in the proportion of “high in” saturated fats
and energy were less consistent. Changes in saturated
fats were of smaller magnitude, with significant decreases
larger than 20 pp in nuts and snacks and savory spreads
and more than 10 pp in savory baked products and
breakfast cereals. Importantly, we found increases in the
proportion “high in” saturated fats for ready-to-eat-meals
(+15.0 pp). Decreases in the proportion of “high in”
energy products were greater than 20 pp in savory baked
products, breakfast cereals, and savory spreads.

With only a few exceptions, the proportion of “high in”
products decreased progressively through the different
phases of the law with significant p-values for trends in
almost all nutrients and in all food categories in which we
observed significant changes between pre-law and after
the final phase (Table 2).

Changes in the distribution of energy and regulated
nutrients

Table 3 presents the quantile regression analyses by food
and beverage groups. We observed that in all food and
beverage categories, except for ready-to-eat meals, the
distribution of at least one regulated nutrient or energy
shifted to the left (i.e., the nutrient content decreased and
concentrated towards the lower end of the distribution)
after the regulation.

We found improvements in total sugars distribution
across most sweet food and beverage groups (T3 vs TO).
Significant reductions were observed at the 50th or 75th
percentile for beverages, milk and milk-based drinks,
yogurts, breakfast cereals, desserts, ice creams, and pro-
cessed fruits, and sweet spreads, with decreases ranging
from—0.9 to—28.5 g of sugars/100 g or mL, depending
on the food group. In contrast, there were no reduc-
tions in sweet baked products and candies and sweet
confectionery,
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Table 1 Changes in the proportion of “high in”energy and nutrients of concern (or any "high in") before (T0) and after each phase of
Chile’s Law (T1,T2,T3) for solid and liquid products, repeated cross-sectional analysis of best-selling items

2016 (Ty) 2017 (T,) 2019 (T,) 2020 (Ty) Difference (TO vs T3) p-trend**
Absolute p-value*

Overall N=3864 N=2424 N=3065 N=2888
Any “high nebede 2735 (70.8%) 1536 (63.4%) 1671 (54.5%) 1517 (52.5%) -183 <0.001 <0.001
High in energy?®<d 1365 (35.3%) 922 (38.0%) 976 (31.8%) 931 (32.2%) -3 0.008 <0.001
Highin sugarsbCde 1313 (34.0%) 804 (33.2%) 780 (25.4%) 679 (23.5%) -10.5 <0.001 <0.001
High in saturated fats°<®® 1071 (27.7%) 658 (27.1%) 1(23.5%) 664 (23.0%) —4.7 <0.001 <0.001
Highin sodium?@<ef 1300 (33.6%) 644 (26.6%) 800 (26.1 %) 665 (23.0%) -10.6 <0.001 <0.001
Solids N=2547 N=1694 N=2036 N=1875
Any “high in*aocdef 2051 (80.5%) 1290 (76.2%) 1434 (70.4%) 1253 (66.8%) —137 <0.001 <0.001
Highin energyade 1175 (46.1%) 875 (51.7%) 921 (45.2%) 873 (46.6%) 0.5 0.778 0.240
High in sugars® 873 (34.3%) 668 (39.4%) 660 (32.4%) 560 (29.9%) —44 0.002 <0.001
High in saturated fatsbede 971 (38.1%) 625 (36.9%) 682 (33.5%) 621 (33.1%) -50 <0.001 <0.001
Highin sodium?>ef 1066 (41.9%) 542 (32.0%) 697 (34.2%) 537 (28.6%) -133 <0.001 <0.001
Liquids N=1317 N=730 N=1029 N=1013
Any “high inebede 684 (51.9%) 246 (33.7%) 237 (23.0%) 264 (26.1%) —258 <0.001 <0.001
Highin energyab[ 190 (14.4%) 47 (6.4%) 55 (5.3%) 58 (5.7%) -8.7 <0.001 <0.001
Highin sugarsadee 440 (33.4%) 136 (18.6%) 120 (11.7%) 119 (11.7%) —-21.7 <0.001 <0.001
High in saturated fats®™ 100 (7.6%) 33 (4.5%) 39 (3.8%) 43 (4.2%) -34 0.001 <0.001
Highin sodium?><d 234 (17.8%) 102 (14.0%) 103 (10.0%) 128 (12.6%) -52 <0.001 <0.001
Only beverages and milks N=933 N=581 N=826 N=781
and milk-based drinks
Any “high jnebede 310 (33.2%) 116 (20.0%) 77 (9.3%) 81 (10.4%) —-22.8 <0.001 <0.001
High in energy®°d 24 (2.6%) 11 (1.9%) 3(0.4%) 3(0.4%) -22 0.002 0.003
Highin sugarsadee 307 (32.9%) 116 (20.0%) 76 (9.2%) 81 (10.4%) —225 <0.001 <0.001
High in saturated fats 0 (0.0%) 4(0.7%) 0 (0.0%) 0 (0.0%) 0.0 0.929 0.226
High in sodium 4 (0.4%) 3(0.5%) 1(0.1%) 0(0.0%) -04 0.175 0.057
Other liquids N=384 N=149 N=203 N=232
Any “high in"eb<de 374 (97.4%) 130 (87.2%) 160 (78.8%) 183 (78.9%) -185 <0.001 <0.001
Highin energyabc 166 (43.2%) 36 (24.2%) 52 (25.6%) 55 (23.7%) —-195 <0.001 <0.001
High in sugars®® 133 (34.6%) 0(13.4%) 44(21.7%) 38 (16.4%) —-182 <0.001 <0.001
High in saturated fats® 100 (26.0%) 29 (19.5%) 39 (19.2%) 43 (18.5%) -75 0.035 0.002
High in sodium®de 230 (59.9%) 9 (66.4%) 102 (50.2%) 128 (55.2%) —4.7 0.250 0.001

Values represent the sample size and the proportion of regulated products

Cutoffs correspond to the limits on the amount of energy or nutrient of concern for the full implementation of the law (i.e,, for solids, per 100 g: 275 kcal of energy,
10 g of sugars, 4 g of saturated fats, 400 mg of sodium; for liquids, per 100 mL: 70 kcal of energy, 5 g of sugars, 3 g of saturated fats, 100 mg of sodium)

TO: preimplementation period, January to February 2015 + January to February 2016 (n=3864); T1: postimplementation of the 1st phase of the law, January to
February 2017 (n=2424); T2: postimplementation of the 2nd phase of the law, January to February 2019 (n=3065); T3: postimplementation of the 3rd phase of the
law, January to February 2020 (n =2888)

2 p-value < 0.05. comparisons between T0 and T1 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression
b p-value <0.05. comparisons between T0 and T2 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression
¢ p-value <0.05. comparisons between T0 and T3 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression
9 p-value < 0.05. comparisons between T1 and T2 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression
€ p-value < 0.05. comparisons between T1 and T3 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression
f p-value < 0.05. comparisons between T2 and T3 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression
" p-value < 0.05. comparisons between T0 and T3 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression

" p-value for Cochrane Armitage Test for trend
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Table 2 Changes in the proportion of “high in”energy and nutrients of concern (or any "high in") before (T0) and after each phase of
Chile’s Law (T1,T2,T3) by food and beverage group, repeated cross-sectional analysis of best-selling items

2016 (Ty) 2017 (T,) 2019 (T,) 2020 (T5) Difference (TO vs T3) p-trend**

Absolute  p-value*

Beverages N=756 N=545 N=725 N=630

Any “high jyabede 221 (29.2%) 112 (20.6%) 68 (9.4%) 71 (11.3%) -179 <0.001 <0.001
High in energy?® 8(1.1%) 14 (2.6%) 4(0.6%) 0 (0.0%) -1.1 0.068 0.002
Highin sugarsadee 219 (29.0%) 112 (20.6%) 67 (9.2%) 71 (11.3%) -17.7 <0.001 <0.001
High in saturated fats 1(0.1%) 5 (0.9%) 1(0.1%) 0 (0.0%) -0.1 0.574 0.170
High in sodium 2(0.3%) 3 (0.6%) 0(0.0%) 0 (0.0%) -03 0356 0.055
Milks and milk-based drinks N=197 N=98 N=169 N=155

Any "high in"a< 93 (47.2%) 9(9.2%) 1(6.5%) 11 (7.1%) —40.1 <0.001 <0.001
High in energy?®™ 8(9.1%) 0 (0.0%) 1(0.6%) 3(1.9%) -72 0.012 <0.001
High in sugars®® 91 (46.2%) 9(9.2%) 10 (5.9%) 11(7.1%) —-39.1 <0.001 <0.001
High in saturated fats 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.0 0.905 -

High in sodium 2 (1.0%) 0 (0.0%) 1(0.6%) 0(0.0%) -10 0374 0.301
Yogurts N=150 N=165 N=139 N=127

Any “high ineef 50 (33.3%) 46 (27.9%) 32 (23.0%) 0 (0.0%) -333 0.001 <0.001
High in energy 0 (0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0 0.934 -
Highin sugarsCEf 49 (32.7%) 46 (27.9%) 32 (23.0%) 0 (0.0%) —32.7 0.001 <0.001
High in saturated fats 1(0.7%) 0(0.0%) 2(1.4%) 0 (0.0%) -07 0.566 0.890
High in sodium 0(0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0 0.934 -
Breakfast cereals N=171 N=102 N=128 N=111

Any “high in"o<ef 158 (92.4%) 93 (91.2%) 106 (82.8%) 74 (66.7%) -257 <0.001 <0.001
Highin energybCEf 158 (92.4%) 93 (91.2%) 106 (82.8%) 74 (66.7%) —257 <0.001 <0.001
High in sugarsdef 143 (83.6%) 79(775%)  81(633%) 48 (43.2%) 404 <0.001 <0001
High in saturated fatscef 34 (19.9%) 25 (24.5%) 25 (19.5%) 9 (8.1%) -11.8 0.011 0.020
High in sodium 21 (12.3%) 16 (15.7%) 18 (14.1%) 9(8.1%) -4.2 0.292 0397
Sweet baked products N=180 N=151 N=138 N=148

Any “high in” 80 (100.0%) 49 (98.7%) 137 (99.3%) 145 (98.0%) -2 0.154 0.142
High in energy 179 (99.4%) 49(98.7%)  137(99.3%)  145(98.0%) —14 0.282 0.359
High in SugarsCf 177 (98.3%) 142 (94.0%) 36 (98.6%) 35(91.2%) =71 0.008 0.045
High in saturated fats™ 162 (90.0%) 115 (76.2%) 20(87.0%)  123(83.1%) —69 0.070 0.577
Highin sodium? 14 (7.8%) 9 (6.0%) 9(13.8%) (7.4%) -04 0.922 0.342
Desserts, ice-creams, and processed fruits N=248 N=84 N=101 N=97

Any “high in"o<ef 212 (85.5%) 68 (81.0%) 0 (69.3%) 3 (54.6%) -309 <0.001 <0.001
Highin energyabde 111 (44.8%) 5(17.9%) 1(30.7%) 3(34.0%) -10.8 0.073 0.036
High in sugars®ef 210 (847%)  68(81.0%) 9 (68.3%) 2 (53.6%) -311 <0.001 <0001
High in saturated fats 77 (31.0%) 23 (27.4%) 35 (34.7%) 32 (33.0%) 20 0.714 0.499
High in sodium 1(0.4%) 0 (0.0%) 0 (0.0%) 0(0.0%) -04 0919 0.370
Candies and sweet confectionery N=357 N=369 N=377 N=376

Any “high in"® 325 (91.0%) 315 (85.4%) 329 (87.3%) 325 (86.4%) -46 0.053 0.191
High in energy® 322 (90.2%) 314 (851%)  326(86.5%) 325(864%) —3.8 0.118 0.280
High in sugars® 314 (88.0%) 305 (82.7%) 318 (84.4%) 314 (83.5%) -45 0.089 0.237
High in saturated fats°<® 195 (54.6%) 201 (545%) 176 (46.7%)  175(46.5%)  —8.1 0.029 0.004
High in sodium 4(1.1%) 4(1.1%) 4(1.1%) 1(0.3%) -0.8 0.221 0.258
Sweet spreads N=119 N=57 N=88 N=73

Any “high in"eb<de 109 (91.6%) 3 (75.4%) 9 (44.3%) 3 (45.2%) —464 <0.001 <0.001
Highin energyd 43 (36.1%) 5(43.9%) 2 (25.0%) 3(31.5%) -46 0523 0.112
High in sugars®® 69 (58.0%) 5 (26.3%) 20 (22.7%) 0(13.7%) —443 <0.001 <0.001
High in saturated fats2®e 43 (36.1%) 2 (56.1%) 4 (27.3%) 6 (35.6%) -05 0.951 0.182
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Table 2 (continued)

2016 (Ty) 2017 (T,) 2019 (T,) 2020 (T5) Difference (TO vs T3) p-trend**

Absolute  p-value*

High in sodium 5 (4.2%) 0(0.0%) 0(0.0%) 0 (0.0%) —42 0.189 0.012
Savory baked products N=148 N=121 N=109 N=114

Any "high in"6de 112 (75.7%) 93 (76.9%) 53 (48.6%) 42 (36.8%) —-389 <0.001 <0.001
High in energy® 103 (69.6%) 92 (76.0%) 52 (47.7%) 42 (36.8%) -328 <0.001 <0.001
High in sugars 4 (2.7%) 6 (5.0%) 0 (0.0%) 0 (0.0%) -2.7 0.190 0.014
High in saturated fats°<®® 29 (19.6%) 34 (28.1%) 10 (9.2%) 8 (7.0%) -126 0.006 <0.001
Highin sodiumPedel 78 (52.7%) 66 (54.5%) 25 (22.9%) 14 (12.3%) -404 <0.001 <0.001
Nuts and snacks N=127 N=110 N=121 N=128

Any “high in” 122 (96.1%) 108 (98.2%) 118 (97.5%) 125 (97.7%) 16 0494 0.557
High in energy 117 (92.1%) 107 (97.3%) 118 (97.5%) 125 (97.7%) 5.6 0.065 0.034
High in sugars 4(3.1%) 2(1.8%) 2(1.7%) 2(1.6%) -15 0.444 0.395
High in saturated fatsbee 47 (37.0%) 28 (25.5%) 28 (23.1%) 19 (14.8%) —222 <0.001 <0.001
High in sodium®e 81 (63.8%) 73 (66.4%) 72 (59.5%) 53 (41.4%) -224 0.001 <0.001
Savory spreads, seasonings, and dressings ~ N=274 N=163 N=276 N=278

Any “high in"e®¢ 261 (95.3%) 130 (79.8%)  230(833%)  216(77.7%)  —17.6 <0.001 <0.001
High in energy?® 129 (47.1%) 39 (23.9%) 77 (27.9%) 71 (25.5%) -216 <0.001 <0.001
High in sugars 30 (10.9%) 20 (12.3%) 45 (16.3%) 36 (12.9%) 20 0473 0.227
High in saturated fats®® 109 (39.8%) 31 (19.0%) 66 (23.9%) 55 (19.8%) —-20.0 <0.001 <0.001
Highin sodium?> 238 (86.9%) 123 (75.5%) 215 (77.9%) 195 (70.1%) -16.8 <0.001 <0.001
Cheeses N=119 N=64 N=79 N=92

Any “high in" 89 (74.8%) 47 (73.4%) 49 (62.0%) 57 (62.0%) -128 0.048 0.015
High in energy 16 (13.4%) 10 (15.6%) 10 (12.7%) 7 (7.6%) -58 0.199 0.195
High in sugars 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0.0 0.898 -

High in saturated fats 34 (28.6%) 15 (23.4%) 13 (16.5%) 16 (17.4%) -11.2 0.065 0.024
High in sodium 84 (70.6%) 45 (70.3%) 49 (62.0%) 57 (62.0%) -86 0.189 0.104
Ready-to-eat meals N=140 N=70 N=86 N=80

Any “high in"d 70 (50.0%) 45 (64.3%) 39 (45.3%) 33 (41.3%) -87 0216 0.075
High in energy® 12 (8.6%) 7 (10.0%) 6 (7.0%) 0 (0.0%) -86 0.058 0.022
High in sugars 1(0.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -0.7 0.738 0.292
High in saturated fats™ 21 (15.0%) 20 (28.6%) 19 (22.1%) 24 (30.0%) 150 0.009 0.033
High in sodium 66 (47.1%) 38 (54.3%) 38 (44.2%) 31 (38.8%) -83 0234 0.161
Sausages N=376 N=150 N=262 N=216

Any “high e 372 (98.9%) 148 (98.7%) 259 (98.9%) 199 (92.1%) -6.8 < 0.001 <0.001
High in energy 125 (33.2%) 49 (32.7%) 82 (31.3%) 82 (38.0%) 4.8 0.245 0.491
High in sugars 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 0.0 0.782 -

High in saturated fats 220 (58.5%) 94 (62.7%) 153 (58.4%) 134 (62.0%) 35 0404 0.654
High in sodium<f 370 (98.4%) 145(96.7%) 256 (97.7%) 197 (91.2%) —7.2 <0.001 <0.001
Non-sausages meat products N=356 N=93 N=202 N=180

Any “high in"6<de 215 (60.4%) 55 (59.1%) 75 (37.1%) 61 (33.9%) —-26.5 <0.001 <0.001
High in energy® 24 (6.7%) 8 (8.6%) 4(2.0%) 1(0.6%) —6.1 0010 <0001
High in sugars 2 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -06 0.547 0.152
High in saturated fats®® 98 (27.5%) 35 (37.6%) 49 (24.3%) 43 (23.9%) -36 0377 0.162
Highin sodiumPedel 188 (52.8%) 47 (50.5%) 47 (23.3%) 25 (13.9%) -389 <0.001 <0.001
Soups N=146 N=82 N=65 N=83

Any “high inabe 146 (100.0%) 75 (91.5%) 56 (86.2%) 72 (86.7%) -133 0.009 <0.001
High in energy 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 0.779 -

High in sugars 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0 0.779 -

High in saturated fats 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 0.779 -
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Table 2 (continued)
2016 (Ty) 2017 (T,) 2019 (T,) 2020 (T5) Difference (TO vs T3) p-trend**
Absolute  p-value*
High in sodium?® 146 (100.0%) 75 (91.5%) 56 (86.2%) 72 (86.7%) -133 0.009 <0.001

Values represent the sample size and the proportion of regulated products

Cutoffs correspond to the limits on the amount of energy or nutrient of concern for the full implementation of the law (i.e,, for solids, per 100 g: 275 kcal of energy,
10 g of sugars, 4 g of saturated fats, 400 mg of sodium; for liquids, per 100 mL: 70 kcal of energy, 5 g of sugars, 3 g of saturated fats, 100 mg of sodium)

TO: preimplementation period, January to February 2015+ January to February 2016 (n=3864); T1: postimplementation of the 1st phase of the law, January to
February 2017 (n=2424); T2: postimplementation of the 2nd phase of the law, January to February 2019 (n=3065); T3: postimplementation of the 3rd phase of the

law, January to February 2020 (n =2888)

2 p-value < 0.05. comparisons between T0 and T1 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression

b p-value <0.05. comparisons between T0 and T2 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression

¢ p-value <0.05. comparisons between T0 and T3 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression

d p-value < 0.05. comparisons between T1 and T2 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression

€ p-value < 0.05. comparisons between T1 and T3 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression

f p-value < 0.05. comparisons between T2 and T3 were made by contrasting estimated marginal means (EMMs) from Firth's bias-reduced logistic regression

" p-value < 0.05. comparisons between T0 and T3 were made by contrasting estimated marginal means (EMMs) from Firth’s bias-reduced logistic regression

" p-value for Cochrane Armitage Test for trend

We also found improvements in the sodium distribu-
tions for savory food groups (T3 vs TO0). Decreases were
significant in the 50th or 75th percentile in most savory
food categories, except for cheeses, ready-to-eat meals,
and savory spreads, seasonings, and dressings. The reduc-
tions ranged from —34.0 to—187.0 mg of sodium/100 g
or mL, depending on the food group. For sausages, there
was an improvement across the entire distribution.

For saturated fats, we observed improvements in nuts
and snacks and savory spreads, seasonings, and dress-
ings, and candies in the 50th or 75th percentile, with
reductions ranging from—0.8 to —12.9 g of saturated fats
per 100 g (T3 vs T0). However, the content of saturated
fats slightly increased in yogurts and ready-to-eat meals.

Energy distributions remained similar in most food and
beverage categories with smaller improvements in some
categories (T3 vs TO); the largest improvements were
observed in savory spreads (75th percentile changed
from 391.0 to 267.3 kcal per 100 g), sweet spreads (50th
percentile changed from 169.0 to 58.0 kcal per 100 g) and
beverages (75th percentile changed from 38.0 to 22.0 kcal
per 100 g). Nonetheless, we also found that energy con-
tent increased in ready-to-eat meals (50th percentile
changed from 118.8 to 150.3 kcal per 100 g).

All the changes observed in the distribution were
aligned with the increasingly stricter limits of the law (see
examples for sugars, sodium, and saturated fats in Fig. 3).

Sensitivity analyses

In the full sample, the direction and significance of the
changes remained consistent (Additional File 1: Tables
S2-S4). However, we observed that the proportion of
“high in” products is similar in liquids but of lower

magnitude in solids, except for energy. This results in an
overall smaller decrease in the magnitude of changes in
energy, sugars, and sodium. Analyses by food categories
confirm that the direction and significance of changes
remain the same overall, though the magnitude is smaller
for solid foods.

Discussion

To our knowledge, this is the first study examining the
association between the full implementation of this
innovative set of policies and changes both in the pro-
portion of regulated products and the content of regu-
lated nutrients in the food supply. We found that the
proportion of “high in” products (as defined in the third
phase of the law) decreased substantially throughout
the different phases, especially for products with high
sugars and sodium content. Analyses of the changes
in the distribution showed left shifts in the contents of
sodium and sugars. In contrast, the decreases in satu-
rated fats and energy were less frequent and of smaller
magnitude. Overall, we observed that almost all foods
and beverage categories showed improvements in the
distribution of at least one nutrient of concern.

The Chilean law was implemented in three phases in
which the limits of the regulation became increasingly
stricter. This stepped implementation was an agree-
ment between the government and the food industry to
provide enough time for product reformulation [1]. Our
analyses indicate that this strategy may have contrib-
uted to decreases in the proportion of “high in” prod-
ucts, and the progressive left shifts in the distribution
of critical nutrients throughout the regulation phases.
Importantly, these results also highlight the need for
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Sodium by year in Sausages
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Fig. 3 Density curves for the amounts of total sugars in beverages, sodium in sausages, and saturated fats in breakfast cereals, repeated
cross-sectional analysis of best-selling items. The red line represents the distribution in TO (preimplementation period, January to February
2015+ January to February 2016); the green line represents the distribution in T1 (postimplementation of the 1st phase of the law, January

to February 2017); the blue line represents the distribution in T2 (postimplementation of the 2nd phase of the law, January to February 2019);
and the purple line represents the distribution in T3 (postimplementation of the 3rd phase of the law, January to February 2020)

statutory policies to promote improvements in the food
supply. Previous research showed that before the Chil-
ean labelling law, there were almost no changes in the
packaged food supply [11]. Here, we show that increas-
ingly stricter cutoffs were associated with changes. This
evidence contrasts with the subtle changes found in
voluntary policies and highlights the relevance of mak-
ing regulations mandatory [13].

There are only a few examples of the effectiveness of
front-of-package warning label policies in reformula-
tion. After the initial implementation of the Chilean law,
there was a reduction of 7 percentage points (from 51 to
44%, p<0.001) in the proportion of regulated products,
mainly in the case of “high in” sugars and sodium prod-
ucts [6]. Our results align with those reported after the
initial implementation of the Chilean law. When compar-
ing the initial implementation using the stricter nutrient
limits for the final phase of the law, we observed reduc-
tions of 8 percentage points (from 70.8 to 63.4%). The
decrease is even larger when we compare the proportion
of “high in” products after the full implementation of the
law. Compared to the baseline, we found a decrease of
17.8 percentage points (from 70.8 to 52.5%), suggesting
that the food industry continued reformulating products.

Our results also align with an analysis of changes in “high
in” products in Peru, the second country to implement a
front-of-package warning label law in Latin America. The
Peruvian study shows that the proportion of “high in”
foods and beverages decreased after 2 years of the regula-
tion’s initial implementation, mostly due to the decrease
in the proportion of “high in” beverages [14]. Unfortu-
nately, we cannot compare the magnitude of the changes
between the two studies because of differences in meth-
odological approaches and sample sizes.

In the final phase of the law, the largest changes
occurred in the proportion of regulated products with
high sugars and sodium contents, while changes for
products with high energy and saturated fats contents
were less frequent and of smaller magnitude. For “high
in” sugars, the group with the largest decrease was sweet
spreads (from 58.0 to 13.7%, p <0.05), followed by break-
fast cereals and milk and milk-based drinks. For “high in”
sodium, the group with the biggest decrease was savory
baked products (from 52.8 to 13.9%, p<0.05), followed
by non-sausage meat products and nuts and snacks. We
also found that the food categories showing reductions
in sugars and sodium were those in which the regulated
nutrient content before the law was closer to the law’s
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limits. On the other hand, the food categories with prod-
ucts containing very high contents of regulated nutri-
ents were not reformulated. One example is the lack of
changes in the proportion of “high in” sugars products or
the sugars content in sweet baked products and candies
and sweet confectionery [6]. These groups were likely
not reformulated because their sugars content was con-
siderably higher than the law’s limit of 10 g of sugars per
100 g of product. For instance, the 75th percentile values
for these food groups after full implementation of the law
were 37.2 and 65.0 g of sugars per 100 g, respectively.

Regarding the decreases in sugars, this might be
explained by the possibility of replacing sugars with non-
nutritive sweeteners (NNS) without affecting the overall
sweetness of the beverages and foods. In fact, a previ-
ous study found that after the initial implementation of
the law, approximately 34% of the products that refor-
mulated their sugars content started using at least one
NNS [15]. However, we have reported that despite the
increase in NNS use, the overall sweetness of the bever-
ages purchased did not vary [16]. Notably, we found that
in sweet baked products, changes in total sugars content
were of smaller magnitude compared to other beverage
or food categories, likely because of the challenges asso-
ciated with achieving the sweetness but also the bulking,
browning, and other properties that sucrose, glucose, and
fructose provide in these products [17].

We also observed important reductions and changes in
the distribution of sodium in most savory food groups,
especially among sausages, non-sausage meat products,
savory baked products, and nuts and snacks. Notably,
at the initial implementation of the law, the changes in
sodium content were mostly around the 25th or 50th
percentile [6]. After the implementation of the final
phase, we found larger left shifts that applied to the
entire sodium distribution. It is unclear whether sodium
was replaced by salt substitutes. Further analyses should
assess whether alternative salt substitutes such as potas-
sium chloride, magnesium chloride, or monosodium
glutamate were used to compensate for sodium declines
[18].

After the initial implementation of the Chilean law,
changes in saturated fats were minimal [6]. In the final
phase of this policy, we found that the proportion of
“high in” saturated fats products decreased by 4.7 per-
centage points, a decrease of smaller magnitude com-
pared to sugars or sodium. In Peru, there was also a small
reduction in saturated fats after implementing a similar
labelling law [14]. In contrast, a limited evaluation of
reformulation after incorporating the Choices nutritional
logo showed significant decreases in the saturated fats
content of dairy products [19]. One potential explanation
for the minimal changes in saturated fats is their addition
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to foods as components of food-based ingredients (e.g.,
oils, milk), where saturated fats cannot be easily removed.
Another explication is the technical challenge related to
melting point and oxidation, which have been described
as barriers to improving the saturated fats composition of
the food supply [20, 21].

We also found that the overall proportion of “high in”
energy products decreased significantly, but only by 3.1
percentage points. Additionally, the reductions “high in”
energy were significant for less than half of the analyzed
food groups, while the other groups showed no change
or even small, non-significant increases. It is unclear
why we do not see widespread changes in energy, but it
seems that most of the food groups that did not change
in energy, such as sweet baked products, candies and
sweet confectionery, and sausages, were not reformulated
in sugars or saturated fats either.

Interestingly, we also observed that in some food cat-
egories, such as breakfast cereals, reductions in sugars
left shifts were accompanied by increases in sodium. This
finding suggests that producers try to maximize flavors,
as taste-taste interactions have been described and are
currently a potential strategy for decreasing the critical
nutrient content of foods [18, 22, 23].

Our sensitivity analyses of the entire food supply con-
firm the direction of the reported results; however, they
suggest a lower change magnitude. We have previously
reported that after the implementation of the regulation
there was a decrease in the purchases of “high in” prod-
ucts [5, 24]. Thus, differences between the best-selling
food categories and the total sample could be explained
because consumers purchased more reformulated prod-
ucts. Moreover, the total sample included international
products that are less likely to be reformulated because of
the regulation of a small market such as Chile. The total
sample also included products from small and very small
industries that had a three-year delay in implementing
the law [1]. Nonetheless, to fully understand these dif-
ferences, further analyses should be conducted with this
specific objective.

Improving the quality of the food supply has been
suggested as a way to address the ongoing pandemic of
NCDs [25]. Several reports conclude that reformulation
is a cost-effective way of improving people’s diets [26, 27].
Furthermore, reformulation policies are more equitable
than those aimed at changing consumer behavior. These
policies benefit individuals from low socioeconomic
backgrounds, who may face challenges in altering their
health behaviors despite receiving additional information
[28, 29]. However, the limits of reformulation policies on
achieving healthier diets have also been noted [30, 31].
As shown in this study, observed decreases in regulated
nutrients could be directly aligned with the regulation
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limits. Therefore, to observe significant changes, regu-
lations need to be strict enough. More importantly, the
sources of nutrients of concern in packaged products
may be replaced with other highly processed ingredients
and additives rather than shifting diets towards whole
or minimally processed foods. For example, in Chile,
there was a significant increase in the use of NNS in the
food supply after the initial implementation of the law
[15]. Furthermore, some authors have even challenged
whether some nutrients, such as saturated fats, might be
detrimental to human health [32]. Several authors have
proposed assessing dietary quality based on food and
dietary-based models rather than nutrient profile models
[31, 33]. Thus, the ultimate goal of policies should be pro-
moting the intake of natural foods and beverages rather
than exclusively reducing the critical nutrients of pack-
aged foods.

Despite the increasing focus on food reformulation
to promote healthier diets, there is limited evidence on
how food reformulation impacts dietary intake and, ulti-
mately, health outcomes. We have reported that food
categories in which we observe reductions in critical
nutrients account for approximately 15% of the calo-
ries, 40% of added sugars, and 15% of sodium intake of
the adult population [34, 35]. In children, the relevance
of the reformulated food categories was larger, reach-
ing 25-30% for energy, 60% of added sugars, and 20% of
sodium intake [36]. A recent review of modelling stud-
ies assessing the impact of food reformulation on dietary
intake and health concludes that interventions to reduce
sodium result in declines in sodium intake, reductions
in cardiovascular disease mortality, and gains in qual-
ity-adjusted life years (QALYs) [37]. For sugars, most
of the evidence is based on sugars reductions in sugar-
sweetened beverages, and it shows that reformulation
would reduce energy and sugars intake and decrease
both obesity and diabetes; there was no information
regarding improvements in quality of life. For saturated
fats, evidence precluded arriving at any conclusion [37].
Nonetheless, it is important to note that modelling stud-
ies must simplify complex interventions and rely on sev-
eral assumptions that do not necessarily reflect real-life
behaviors. Consumers might react to reformulation by
changing to other non-reformulated products, add-
ing critical nutrients to foods (i.e., salt or table sugar),
or increasing the amounts of food consumed. Thus, the
actual impact of reformulation on diet and health indica-
tors must come from real-life evaluations.

Our study is not exempt from limitations. The main
limitation is the use of observational data and descrip-
tive analyses to assess the changes in the proportion of
regulated products and shifts in energy and nutrients
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of concern after the three phases of the Chilean law.
Therefore, our study design does not allow us to estab-
lish the causality of the findings. While the trend analy-
sis shows associations over time, it cannot isolate the
potential effects of the staggered policy implementation
from other factors, such as changes in the supply chain,
delayed influences of earlier policy phases, or broader
market trends. In observational, non-experimental
studies, p-values should be interpreted carefully, as
they do not imply causality or account for unmeas-
ured confounders. Future quasi-experimental studies,
such as controlled interrupted time-series analyses or
experimental approaches, could better disentangle the
effects of staggered policy implementation. Despite
this limitation, our findings provide valuable insights
about the changes in the prevalence of “high in” prod-
ucts over time and shifts in the content of regulated
nutrients. These changes, which coincide with the pro-
gressively stricter limits of the phases of the law, may
be influenced by the implementation of the labelling
law. A second limitation is that our analyses were con-
ducted on repeated cross-sectional sample, focusing on
changes within product categories rather than conduct-
ing longitudinal analyses to track the reformulation of
the same products over time. As a result, we cannot
fully rule out the possibility that our results are influ-
enced by sampling differences. Moreover, we could not
differentiate whether changes are due to the reformu-
lation of pre-existing products, the discontinuation of
old products, or the introduction of new products on
the market. These dynamics can obscure the relative
contributions of reformulation versus new product
development to observed changes in “high in” product
prevalence. However, to make our analytical sample
more consistent, we included only foods and beverages
representing the best-selling product within each spe-
cific category. Another limitation is that we were unable
to differentiate which of the different components of
the regulation (i.e., labelling, marketing restrictions, or
healthier school environments) contributed the most to
reformulation. However, we have previously suggested
that dietary improvements will derive from multiple-
component policies such as the Labelling Law rather
than from single policies [38]. Additionally, we focused
on the reformulation of regulated nutrients of concern,
and we were unable to determine if these nutrients
were replaced with other nutrients or additives, as this
was outside the scope of our research. Thus, we can-
not really assess the overall quality of the food supply.
Finally, our analyses are based on information available
on nutritional labels; yet, in all the rounds, data were
collected similarly, and thus, the error is systematic.
Also, data were collected prospectively and directly by
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research assistants rather than relying on food retailers’
information or retrospective databases; this allowed
us to identify changes in the food supply with enough
precision to be linked to the different phases of the
regulation.

Conclusions

In conclusion, we have shown that after implementing
the final phase of a multi-component policy, such as the
Chilean labelling law, there were important reductions in
the critical nutrient content of packaged foods, particu-
larly with respect to sodium in solid foods and sugars in
beverages. The magnitude of these changes increased as
the limits of the regulation became stricter, aligning with
the implementation of the regulation. It is important to
link these changes in the food supply to changes in the
overall dietary quality of the population to fully assess the
impact of the regulation.
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