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Reductions on the sugars content of the food supply have been described after the

initial implementation Chilean Labeling Law, but it is unclear if sugars were replaced by

non-caloric sweeteners (NNS). We evaluated changes in the NNSs use in foods and

beverages after the initial implementation of the labeling law. We used longitudinal data

on packaged foods and beverages collected in six major supermarkets and three candy

distributors in Santiago, Chile, in January–February 2015/2016 and in January–February

2017. We included in the analysis beverages, dairy-based beverages, yogurts, breakfast

cereals, desserts and ice creams, candies and sweet confectioneries, and sweet spreads

with a market share ≥1% of their food groups (n = 999). We compared the use

of any NNS, the number of different NNSs used, and the combined use of NNSs

and ingredients adding sugars using non-parametric tests for matched samples. We

evaluated the association between a reduction in sugars and starting NNS use in the

post-implementation period using negative binomial regression. The use of any NNS

increased from 37.9 to 43.6% (p< 0.001) after the law’s implementation, NNSs increased

among beverages, dairy-based beverages, yogurts, and desserts and ice creams (p <

0.05), driven mostly by increases in sucralose and stevia use (p < 0.05). We found that

reformulated products that reduced the amount of sugars below the law’s cutoff were

more likely to start using an NNS in the post-implementation period (prevalence ratio:

12.1; 95%CI: 7.2–20.2; p< 0.001). Our results suggest that NNSs likely replaced sugars

after the initial implementation of the law. Further analyses should explore how these

changes may impact NNS consumption.
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INTRODUCTION

In Chile, as in other parts of the world, the prevalence of obesity
is increasing. In 2016, 33% of people in Chile older than 15
were obese (1), and in 2019, 25% of the first-grade children in
the country were obese (2). This trend coincided with the rising
consumption of ultraprocessed foods and beverages (UPFs)
(3), which in 2010 represented 28.6% of Chileans’ total energy
intake (4). Unhealthy food consumption patterns and nutritional
statuses are the leading causes of deaths and disabilities in the
country (5).

To address this problem the Chilean government
implemented the Food Labeling and Advertising Law
(hereinafter “the Law”). Since June 2016 foods and beverages
with ingredients adding nutrients of concern (i.e., sugars,
saturated fats, and sodium) that exceed established limits must
display up to four front-of-package warning labels indicating
that they are high in calories, total sugars, saturated fats, or
sodium. The Law also prohibits selling regulated products in
schools and advertising them to children under 14 years old.
The Law was implemented in a staggered three-phase approach
with the cutoffs for nutrients of concern becoming increasingly
stricter in 2018 and 2019 (6).

To adapt to the regulations the food industry reformulated
products and reduced the amounts of nutrients of concern,
especially sugars (7, 8). For instance, after the first phase of
implementation from 2016 to 2017, the prevalence of beverages
high in sugars decreased from 26 to 11% (7). It is possible that the
industry achieved this by replacing sugars partially or totally with
non-nutritive sweeteners (NNSs).

A study conducted in 2019, after the third phase of the
implementation, described NNS use among foods and beverages
in Chile as frequent. More than half of that study’s sample,
composed of dairy products, cereal products (packaged bread,
breakfast cereals, cereal bars, cookies, and packaged pastries),
processed fruits, beverages, and sweets and desserts, presented
an NNS (9). We hypothesized that this NNS use is related to
the food law. However, only one study with very small sample
of beverages (n = 7) suggested an increase in NNS use after
the Law’s implementation (10). as far as we know, no other
study has examined changes in NNS use in the Chilean food and
beverage supply.

This topic is important because although food reformulation
can reduce consumption of nutrients of concern and prevent
associated diseases (11), it also raises questions regarding the

replacement ingredients and products’ healthfulness (12). A food
or beverage with an added NNS, for instance, is defined as

a UPF (13), and UPF consumption has been associated with
weight gain, obesity, and non-communicable diseases (14–16). A
randomized controlled trial showed that a diet of UPFs resulted
in greater energy intake and weight gain compared with a diet of
minimally processed foods even though both diets were matched
for macronutrients, energy, sugars, and fiber (17). In addition,
we lack evidence that consuming NNSs in place of sugars is
effective to achieve weight or metabolic control (18, 19), and it is
not established whether long-term consumption of NNSs is safe,
especially for children (20).

Considering that front-of-package regulations are becoming
increasingly common as a strategy to reduce the consumption of
foods and beverages with high amount of nutrients of concern,
and the Chilean’s model has been used to discuss and implement
similar policies in other countries as Israel, Canada, Brazil, Peru,
Uruguay, and Mexico (21), it is relevant to understand how this
policy may affect the use of NNS in the food supply. This study
aimed to evaluate changes in NNS use in Chile 7–8 months
after the initial implementation of the Law. Specifically, we
looked for changes in the prevalence of products with NNSs,
in the number of different NNSs used, and in the frequency
with which products added NNSs and sugars after the Law’s
implementation compared to the pre-implementation period.
Additionally, we evaluated whether these changes were related to
product reformulation to avoid a warning label.

MATERIALS AND METHODS

Chilean Food and Beverage Database
We collected our data during January and February of 2015,
2016, and 2017 at six major supermarket chains (one store
per chain) and three candy distributors in Santiago, Chile. The
Chilean Supermarket Association granted permission to conduct
the study. We photographed all sides of the packaged foods
and beverages available from the stores and distributors, and
trained dietitians recorded each product’s general identifying
information (i.e., barcode, brand, description, package size and
type, manufacturer, etc.), the nutrition facts panel, and the list of
ingredients in an online platform. Chile requires that packaged
foods and beverages declare their nutrients and ingredients,
including type and amount of each NNS, per serving size and per
100 grams (g) or 100 milliliters (ml) (22).

We pooled the data from 2015 and 2016 to construct a pre-
implementation sample because a previous study had confirmed
that food and beverage industries had made no anticipatory
reformulations (22). The data collected in 2017 comprised
the post-implementation sample. We excluded items without
relevant information, such as a list of ingredients and a nutrition
facts panel; products with a market share <1% of their food
groups; and products recurring in multiple package sizes. We
included only products with ingredients adding sugars, sodium,
or saturated fats (i.e., products with added nutrients of concern
and therefore subject to regulation) or products without any
added nutrients of concern but with an NNS. From the total
products collected in the three waves (n = 26,748), 4,715 were
duplicated, 692 lacked relevant information, 4,071 were not
under the scope of the regulation, and 11,564 were not best-
selling products. The longitudinal sample was composed of all
products for what matching was possible based on the barcode,
brand, manufacturer name, and description of the products (n=

1,681).We classified each food and beverage into 1 of 16mutually
exclusive groups based on a previously used classification (7).
Supplementary Table S1 presents examples of products in each
group and the number of products in each group with an NNS
in the pre-implementation and post-implementation periods.
The analytic sample included only products collected in both
periods in the seven food groups in which more than one

Frontiers in Nutrition | www.frontiersin.org 2 November 2021 | Volume 8 | Article 773450

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Zancheta Ricardo et al. Changes in Non-nutritive Sweeteners in Chile

product had an NNS: beverages, dairy-based beverages, yogurts,
breakfast cereals, desserts and ice creams, candies and sweet
confectioneries, and sweet spreads (n = 999). More details
on data collection and food groups are available elsewhere (7,
22).

NNS Types
We searched products’ lists of ingredients for the eight Chilean
approved NNSs, acesulfame-K, aspartame, cyclamate, saccharin,
sucralose, neotame, alitame, and stevia (23). We created binary
variables for the presence or absence of each NNS in each product
in the database in both the pre- and the post-implementation
periods. We considered the number of different types of NNSs
in the same product an integer variable that could assume
values from zero to eight, the number of Chilean approved
NNSs. For products with NNSs we also considered a three-
level categorical variable, one NNS, two NNSs, and three
or more NNSs. We identified products that did not have
NNSs in the pre-implementation period but did in the post-
implementation period.

NNSs Combined With Ingredients Adding
Sugars
We searched products’ lists of ingredients to identify those with
ingredients adding sugars as defined in the Chilean Ministry of
Health’s official guidelines and described in detail in Kanter et al.
(22). We classified all products with NNSs into two groups, NNS
only and NNS combined with ingredients adding sugars.

High in Sugars Status
We considered the total sugars per 100.0 g or 100.0ml of a
product ready for consumption, following the instructions for

TABLE 1 | Changes in the frequency of NNS use between the pre- and

post-implementation periods by food or beverage group.

Food or

beverage group

Pre (%) Post (%) Absolute

change

(%)

Relative

change

(% of pre)

P-value

All products

(n = 999)

37.9 43.6 5.7 15.0 <0.001

Beverages

(n = 236)

72.0 82.6 10.6 14.7 <0.001

Dairy-based

beverages (n = 42)

50.0 66.7 16.7 33.3 0.008

Yogurts (n = 179) 60.3 62.6 2.3 3.7 0.046

Breakfast cereals

(n = 54)

24.1 24.1 0.0 0.0 1.000

Desserts and ice

creams

(n = 216)

13.9 22.7 8.8 63.3 <0.001

Candies and

sweet

confectioneries

(n = 204)

12.3 13.2 0.9 8.0 0.317

Sweet spreads

(n = 68)

17.6 17.6 0.0 0.0 1.000

reconstitution when necessary. We classified a product as high
in sugars if it contained an ingredient adding sugars, and more
than the initial implementation cutoff, 22.5 g of total sugars
per 100.0 g of solid food or 6.0 g per 100.0ml of liquid foods
and beverages.

Data Analysis
We described categorical variables as frequencies. Given the
longitudinal nature of the sample, we used the McNemar test to
compare the frequency of products with NNSs in the pre- and
post-implementation periods. To evaluate changes in the number
of different NNSs used and in the combined use of NNSs and
ingredients adding sugars, we considered only the products with
at least one NNS (n = 377) in both periods and applied the
Wilcoxon signed-rank test and the McNemar test, respectively.

We used a negative binomial regression to evaluate the
association between avoiding the high in sugars status (i.e., a
product with total sugars above the cutoff defined for high
sugars in the pre-implementation and below this cutoff in the
post-implementation period) and adding an NNS in the post-
implementation period (i.e., a product had no NNSs in the
pre-implementation period and had at least one in the post-
implementation period).

We used Stata version 16.0 to perform all analyses, and we
considered a p-value < 0.05 significant.

RESULTS

We found six of the eight Chilean approved NNS types in our
food and beverage sample, sucralose, acesulfame-K, aspartame,
stevia, saccharin, and cyclamate. In the pre-implementation
period 37.9% of the sample had at least one NNS compared
with 43.6% in the post-implementation period, a 15.0% increase
(p < 0.001). From the pre-implementation period to the post-
implementation period we observed significant increases in the
use of at least one NNS in beverages (72.0 vs. 82.6%, p < 0.001),
dairy-based beverages (50.0 vs. 66.7%, p = 0.008), yogurts (60.3
vs. 62.6%, p = 0.046), and desserts and ice creams (13.9 vs.
22.7%, p < 0.001) but no significant changes among breakfast
cereals, candies and sweet confectioneries, and sweet spreads
(Table 1).

Sucralose was the most common NNS in Chilean products
overall and in almost all categories. Acesulfame-K and aspartame
followed sucralose in the overall ranking and were mostly used in
beverages. We found stevia predominantly in dairy products and
saccharin and cyclamate in only a small portion of products. The
frequency of sucralose increased significantly by 26.2% relative
to pre-implementation, and the frequency of stevia increased by
55.6%. Sucralose and stevia significantly increased in beverages
and yogurts, whereas only sucralose increased in dairy-based
beverages, desserts and ice creams, and sweet spreads (Table 2).

As Figure 1 shows, of the products that contained an NNS,
57.3% pre-implementation and 63.9% post-implementation had
more than one type. We found up to four types of NNS in
the same product. Only one beverage had four NNSs. Beverages
and candies and sweet confectioneries especially used different
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TABLE 2 | Changes in the frequency of each type of NNS in the pre- and post-implementation periods by food or beverage group.

Food or beverage group Pre (%) Post (%) Absolute

change (%)

Relative

change (%

of pre)

P-value

Sucralose (overall, n = 999) 24.8 31.3 6.5 26.2 <0.001

Beverages (n = 236) 43.2 54.7 11.5 26.5 <0.001

Dairy-based beverages (n = 42) 45.2 64.3 19.1 42.1 0.005

Yogurts (n = 179) 48.6 53.1 4.5 9.2 0.005

Breakfast cereals (n = 54) 13.0 11.1 −1.9 −14.3 0.317

Desserts and ice creams (n = 216) 7.4 15.3 7.9 106.2 <0.001

Candies and sweet confectioneries (n = 204) 4.4 5.4 1.0 22.2 0.317

Sweet spreads (n = 68) 11.8 17.6 5.8 50.0 0.046

Acesulfame-K (overall, n = 999) 18.8 19.4 0.6 3.2 0.180

Beverages (n = 236) 56.8 58.5 1.7 3.0 0.157

Dairy-based beverages (n = 42) 9.5 9.5 0.0 0.0 1.000

Yogurts (n = 179) 14.0 15.1 1.1 8.0 0.157

Breakfast cereals (n = 54) 1.9 0.0 −1.9 −100.0 0.317

Desserts and ice creams (n = 216) 3.7 5.1 1.4 37.5 0.083

Candies and sweet confectioneries (n = 204) 7.8 6.9 −0.9 −12.5 0.317

Sweet spreads (n = 68) 0.0 0.0 0.0 – 1.000

Aspartame (overall, n = 999) 14.4 14.1 −0.3 −2.1 0.257

Beverages (n = 236) 49.6 50.0 0.4 0.9 0.564

Dairy-based beverages (n = 42) 0.0 0.0 0.0 – 1.000

Yogurts (n = 179) 0.0 0.0 0.0 – 1.000

Breakfast cereals (n = 54) 0.0 0.0 0.0 – 1.000

Desserts and ice creams (n = 216) 3.7 3.7 0.0 0.0 1.000

Candies and sweet confectioneries (n = 204) 8.3 7.4 −0.9 −11.8 0.157

Sweet spreads (n = 68) 2.9 0.0 −2.9 −100.0 0.157

Stevia (overall, n = 999) 5.4 8.4 3.0 55.6 <0.001

Beverages (n = 236) 4.7 7.6 2.9 63.6 0.008

Dairy-based beverages (n = 42) 11.9 19.0 7.1 60.0 0.083

Yogurts (n = 179) 16.2 23.5 7.3 44.8 <0.001

Breakfast cereals (n = 54) 11.1 13.0 1.9 16.7 0.317

Desserts and ice creams (n = 216) 1.4 2.8 1.4 100.0 0.083

Candies and sweet confectioneries (n = 204) 0.0 0.0 0.0 – 1.000

Sweet spreads (n = 68) 0.0 4.4 4.4 – 0.083

Saccharin (overall, n = 999) 1.7 1.5 −0.2 −11.8 0.157

Beverages (n = 236) 0.8 0.8 0.0 0.0 1.000

Dairy-based beverages (n = 42) 0.0 0.0 0.0 – 1.000

Yogurts (n = 179) 0.0 0.0 0.0 – 1.000

Breakfast cereals (n = 54) 0.0 0.0 0.0 – 1.000

Desserts and ice creams (n = 216) 3.2 3.2 0.0 0.0 1.000

Candies and sweet confectioneries (n = 204) 2.9 2.9 0.0 0.0 1.000

Sweet spreads (n = 68) 2.9 0.0 −2.9 −100.0 0.157

Cyclamate (overall, n = 999) 1.4 1.3 −0.1 −7.1 0.317

Beverages (n = 236) 0.8 0.8 0.0 0.0 1.000

Dairy-based beverages (n = 42) 0.0 0.0 0.0 – 1.000

Yogurts (n = 179) 0.0 0.0 0.0 – 1.000

Breakfast cereals (n = 54) 0.0 0.0 0.0 – 1.000

Desserts and ice creams (n = 216) 2.8 2.8 0.0 0.0 1.000

Candies and sweet confectioneries (n = 204) 2.9 2.5 −0.4 −16.7 0.317

Sweet spreads (n = 68) 0.0 0.0 0.0 – 1.000
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FIGURE 1 | Number of different NNSs used in the pre- and post-implementation periods by food or beverage group. *p value < 0.001 in the Wilcoxon signed-rank

test.

types of NNSs. The number of NNSs increased in the post-
implementation period in all products, and we found that a
higher proportion of yogurts used two different NNSs.

Most products using any NNS (>70.0%) also included at least
one ingredient adding sugars. The proportion of products with
only an NNS and no ingredient adding sugars increased from
25.2 to 29.7%, but we did not identify significant changes among
food or beverage groups (Figure 2).

In the pre-implementation period 39.3% of the products
in the sample were classified as high in sugars given that
they included one or more ingredients adding sugars and the

amount of total sugars was greater than the Law’s cutoff in
the first phase of implementation. However, only 30.5% of
the products were high in sugars after the implementation
of the Law due to reformulation to decrease total sugars.
We found that 34.4% of the reformulated products that
changed from high in sugars to not high in sugars started
using at least one NNS after the Law’s implementation,
whereas only 2.8% of the products that did not change
their status on sugars started to use an NNS in the post-
implementation period (prevalence ratio: 12.1; 95% confidence
interval: 7.2–20.2; p < 0.001).
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FIGURE 2 | Use of NNSs only or NNSs in combination with ingredients adding sugars in the pre- and post-implementation periods by food or beverage group. *p

value < 0.001 in the McNemar test.
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DISCUSSION

We examined a sample of foods and beverages offered in themain
supermarket chains and candy distributors of Santiago, Chile,
to determine for the first time changes in the use of NNSs after
Chile implemented the Law. NNS use was high (above 1/3 of the
studied sample) in Chile in 2015–2016 and increased 15% after
the Law’s initial implementation phase, particularly sucralose and
stevia. We found significant increases in the proportion of NNSs
in beverages, dairy-based beverages, yogurts, and desserts and ice
creams with NNSs, despite the already high prevalence in those
groups in the pre-implementation period. Foods and beverages
that shifted away from a high in sugar status were 12 times more
likely to initiate NNS use in the post-implementation period.

Compared with other countries, Chile has an elevated
prevalence of products containing NNSs. We included in this
study only the categories of sweet items in which 37.9% of
the products used NNSs in the pre-implementation period.
Among all of the products subject to regulation described
in Supplementary Table S1, the frequency was 22.5% or 379
of 1,681 products with an NNS before implementation. This
prevalence is more than twice that observed in Mexico in
2015–16 (11.0%) and much higher than those observed in the
United States in 2015–17 (4.0%), New Zealand in 2016 (1.0%),
and Australia in 2015 (1.0%) (24). The frequency of NNSs was
especially high in beverages in which more than 70.0% of items
added NNSs in the pre-implementation period and 80.0% in
the post-implementation period. This is in line with a previous
study’s finding that 75.0% of beverages in Chile in 2019 included
an NNS (9). This frequency is also higher than those observed
in beverages in Mexico in 2015–16 (36.0%), the United States in
2015–17 (22.0%), New Zealand in 2016 (8.0%), and Australia in
2015 (3.0%) (24).

A previous report showed a significant decrease in the
frequency of products high in sugars among beverages, dairy-
based beverages, breakfast cereals, sweet baked products, candies
and sweet confectioneries, and savory spreads in the post-
implementation period (7). Our results suggest that at least to
some extent food industries responded to Chile’s 2016 Law by
replacing sugars with NNSs. The association we found between
industries reducing the amount of sugars to below the Law’s
threshold and starting to use NNSs supports this hypothesis.
Measures focused on sugars reformulation, without considering
the potential replacement by NNSs, could increase the dietary
exposure to NNSs. In 2020,Mexico approved its front-of-package
warning labels that include a note informing the presence of
NNSs. This measure is a breakthrough in labeling policy and can
help people better identify NNSs in products.

The use of an NNS is a strategy for maintaining a sweet
taste with reduced or free calories. However, we found that most
products with NNSs also had ingredients adding sugars (75%
pre-implementation and 70% post-implementation), suggesting
that NNS consumption does not eliminate sugars consumption.
Additional analyses are needed to evaluate how NNS products
impact the overall consumption of sugars. The total sugars
content in products with NNSs varies between countries,
probably because of factors like taste preferences (24). For

instance, compared with three other countries (Australia,
New Zealand and United States), Mexico showed the highest
prevalence of NNSs in the food and beverage and the highest
amount of total sugars in products with NNSs (24).

Using NNSs extensively and including more than one NNS in
the same product contribute to the intake of a mixture of them.
The food industry blends NNSs to enhance palatability (25), and
we found that Chilean products commonly mixed two or three.
A recent study on the French food and beverage supply described
a similar situation with clusters of NNSs in such products as free-
sugar gums and artificially sweetened beverages (26). Using NNS
blends can be advantageous since it avoids high consumption of
an individual type of NNS and evades one NNS’s acceptable daily
intake (ADI). However, the possible synergistic effect of intakes
of mixed additives is unknown (26).

We also observed the frequency of each type of NNS in
foods and beverages in Chile. Sucralose was the most frequent
NNS, followed by acesulfame-K and aspartame. Another study
found that sucralose, aspartame, and acesulfame-K were also
the most common NNSs used in Brazil (27). We also identified
changes during the period and noted an increasing use of
sucralose and stevia. Some characteristics of sucralose could
explain its frequent use, for example, the absence of a bitter
aftertaste and stability at a high temperature and a low pH (28).
Another study in Chile demonstrated that sucralose is commonly
combined with stevia and other NNSs (9). We found that
the prevalence of products containing stevia was 57.4% higher
post-implementation compared with pre-implementation. This
marked increase could be related to consumer’s interest in natural
products, since this NNS is an extract of the stevia plant (25, 29).
Other countries have observed this tendency also. For instance,
in the United States the prevalence of household purchases of
products with rebaudioside A, a steviol glycoside, rose from
virtually zero to 25.0% between 2002 and 2018 (29).

The increased use of NNSs in products children frequently
consume, that is, beverages, dairy-based beverages, yogurts,
and desserts and ice creams, may impact NNS intake among
this specific population. Desserts, dairy products, and beverages
accounted for ∼30% of the calorie intake in a sample of
Chilean preschoolers in 2016 (30) therefore those products
are likely important NNS sources among this age group. NNS
consumption was prevalent among Chilean children before
implementation of the Law (31) and conceivably has increased
after implementation. From March to June 2016, just before
the Law was implemented, 68% of low- to medium-income
preschoolers in Santiago consumed at least one NNS on the day
of a dietary recall (31). In another study in Santiago in 2019, 3
years after the Law’s first phase of implementation, all children 6–
12 years old reported consumption of products containing NNSs,
mostly dairy products and beverages (32). Despite widespread
availability and consumption, the effects of early exposure to
NNSs are not understood well and potentially could be linked
with cardiometabolic risk in children (33).

Because consumption of sweet products, such as sugary
beverages, is high in Chile, it is reasonable to suppose
a populational preference for sweeter tastes (34). Food
reformulation with widespread use of NNS, additives with
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intense sweetening power could maintain or increase the
predilection for sweet tastes. Hence other policies should
promote diets based on minimally processed and in natura in
the country.

This study has some limitations. First, we were unable to
test the causal effect of the Law’s implementation on the use
of NNSs in products. We cannot discount a prior trend driven
by other policies, for example, the increase in the tax on sugar-
sweetened beverages in 2014 (35), or a growing concern about
sugar consumption, which could also impact food reformulation.
In Colombia the amount of total sugars in beverages decreased
and the proportion of beverages sweetened with NNSs increased
between 2016 and 2018 (from 33 to 64%) without mandatory
policies (36). However, in Chile the amount of nutrients of
concern, including total sugars, in foods and beverages did
not change before the Law’s implementation (22), and the
prevalence of products high in nutrients of concern decreased
only after implementation (7). This evidence suggests the policy
played a role in food reformulation in Chile. Moreover, we did
not consider the market share in estimating weight-sales data,
thus we cannot anticipate how the reported changes impact
the populational intake of NNSs in Chile. Nonetheless, to get
meaningful results we included only foods and beverages with
more than 1% of the sales in their specific categories. Finally,
we used the data available on the packages with no additional
laboratory analyses, and we did not consider the use of other
types of sweeteners, such as polyols. However, we collected data
prospectively and used a relatively large longitudinal data set to
better assess changes in NNS use.

A few months after Chile implemented its food law the
amount of nutrients of concern, mainly sodium and total
sugars, in the food supply declined and sweetened beverage
consumption declined. The Chilean regulation is innovative
because it combines a series of strategies, including front-of-
package warning labels and marketing and sales restrictions,
and other countries consider it a model. However, little is
known about the substitutes that have replaced the nutrients
of concern, particularly the NNSs as sugars substitutes. To our
knowledge this study is the first to use prospectively collected
data to examine changes in NNS use after implementation of the
Chilean Law. Compared with the pre-implementation period, the
post-implementation period saw an overall higher prevalence of
products with NNSs.

Although the absolute differences we found were small,
such as a 6% increase in NNS use, this study and previous
reports suggest that at least in part NNSs, mostly sucralose
and stevia, have replaced sugars after the implementation of
the Law. We found that Chile’s NNS use pre-implementation
was high, which could preclude a larger increase in NNS
frequency. Further studies should assess what happened after
the final implementation of the Law and evaluate the possible
consequences of similar measures in countries where the
prior use of NNS is not as widespread. Some countries are
including NNS restrictions in their policy discussions and
designs. Following the Pan American Health Organization
Nutrient Profile Model recommendations (37), Mexico recently
implemented front-of-package warning labels that include a clear

message regarding the presence of NNSs. Studies comparing the
effects of these measures on local food reformulation are needed
to guide future food policies.

CONCLUSION

We identified increased NNS use in some food categories after
the implementation of Chile’s food labeling law in 2016. NNS
use was frequent in the pre-implementation period, but in the
post-implementation period NNS use significantly increased.
It is necessary to further monitor NNS use as the Law’s
implementation applied stricter cutoffs in succeeding phases.
Studies assessing the population’s NNS intake and its impact are
also needed to understand whether common NNS use should be
a concern. Taken altogether, this evidence may suggest the need
for food policies that regulate NNS use.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because the 2015-2017 nutritional information dataset was
obtained upon a legal agreement made with the supermarket
association ASACH. Such agreement includes a clause of
not making publicly available the data. The Euromonitor
International Database set is a commercial database that can
be obtained upon payment from https://www.euromonitor.
com/.

AUTHOR CONTRIBUTIONS

CZ: conceptualization, methodology, formal analysis,
writing—original draft, and writing—review and editing.
CC: conceptualization, writing—review and editing, and
funding acquisition. LS: conceptualization and writing—
review and editing. VQ: writing—review and editing. MR:
conceptualization, methodology, supervision, and funding
acquisition. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was supported by the National Agency for Research
andDevelopment (ANID)/Scholarship Program/DOCTORADO
BECAS CHILE (#2020 – 21200883); Bloomberg Philanthropies,
International Development Research Center (IDRC)
(#107731-002), and the ANID/Ministry of Heath Fondo
Nacional de Investigación y Desarrollo en Salud (FONIS)
(#SA19I0128). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

ACKNOWLEDGMENTS

We thank the Chilean National Association for Supermarkets
(ASACH), the supermarkets and candy distributors that made
possible the data collection. We also thank the research teams

Frontiers in Nutrition | www.frontiersin.org 8 November 2021 | Volume 8 | Article 773450

https://www.euromonitor.com/
https://www.euromonitor.com/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Zancheta Ricardo et al. Changes in Non-nutritive Sweeteners in Chile

at CIAPEC (Center of Research in Food Environment and
Prevention of Obesity and Non-Communicable Diseases) at
INTA (Institute of Nutrition and Food Technology), University
of Chile, and at the Global Food Research Program, University of
North Carolina at Chapel Hill.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
773450/full#supplementary-material

REFERENCES

1. Ministerio de Salud. Encuesta Nacional de Salud 2016–2017: Primeros

Resultados. Santiago: Ministerio de Salud de Chile (2017).

2. Junta Nacional de Auxilio Escolar y Becas. Mapa Nutricional 2019. Santiago:

Ministerio de Educación de Chile (2019). p. 28. Available online at: https://

www.junaeb.cl/wp-content/uploads/2013/03/Mapa-Nutricional-2019-1.pdf.

(accessed August 17, 2021).

3. Baker P, Machado P, Santos T, Sievert K, Backholer K, Hadjikakou M, et

al. Ultra-processed foods and the nutrition transition: global, regional and

national trends, food systems transformations and political economy drivers.

Obesity Rev. (2020) 21:e13126. doi: 10.1111/obr.13126

4. Cediel G, Reyes M, da Costa Louzada ML, Martinez Steele E,

Monteiro CA, Corvalán C, et al. Ultra-processed foods and added

sugars in the Chilean diet (2010). Public Health Nutr. (2018)

21:125–33. doi: 10.1017/S1368980017001161

5. Institute for Health Metrics and Evaluation. Global Burden of Disease Profile:

Chile. Seattle: University of Washington (2018). Available online at: http://

www.healthdata.org/chile (accessed Oct 7, 2020).

6. Corvalán 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/obr.12802

7. Reyes M, Taillie LS, Popkin B, Kanter R, Vandevijvere S, Corvalán 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:e1003220. doi: 10.1371/journal.pmed.1003220

8. Quintiliano Scarpelli D, Pinheiro Fernandes AC, Rodriguez Osiac L,

Pizarro Quevedo T. Changes in nutrient declaration after the food labeling

and advertising law in Chile: a longitudinal approach. Nutrients. (2020)

12:2371. doi: 10.3390/nu12082371

9. Sambra V, López-Arana S, Cáceres P, Abrigo K, Collinao J, Espinoza A, et al.

Overuse of non-caloric sweeteners in foods and beverages in chile: a threat to

consumers’ free choice? Front Nutr. (2020) 7:68. doi: 10.3389/fnut.2020.00068

10. Quitral V, Arteaga J, Rivera M, Galleguillos J, Valdés I, Quitral V, et al.

Comparison of sugar and non- caloric sweetener content in beverages before

and after implementing Chilean law 20.606. Revista Chilena de Nutrición.

(2019) 46:245–53. doi: 10.4067/S0717-75182019000300245

11. Federici C, Detzel P, Petracca F, Dainelli L, Fattore G. The impact of food

reformulation on nutrient intakes and health, a systematic review ofmodelling

studies. BMC Nutr. (2019) 5:9. doi: 10.1186/s40795-019-0269-8

12. Scrinis G, Monteiro CA. Ultra-processed foods and the limits

of product reformulation. Public Health Nutr. (2018) 21:247–

52. doi: 10.1017/S1368980017001392

13. Monteiro CA, Cannon G, Levy RB, Moubarac J-C, Louzada ML, Rauber F,

et al. Ultra-processed foods: what they are and how to identify them. Public

Health Nutr. (2019) 22:936–41. doi: 10.1017/S1368980018003762

14. Chen X, Zhang Z, Yang H, Qiu P, Wang H, Wang F, et al.

Consumption of ultra-processed foods and health outcomes:

a systematic review of epidemiological studies. Nutr J. (2020)

19:86. doi: 10.1186/s12937-020-00604-1

15. Pagliai G, Dinu M, Madarena MP, Bonaccio M, Iacoviello

L, Sofi F. Consumption of ultra-processed foods and

health status: a systematic review and meta-analysis. British

J Nutr. (2021) 125:308–18. doi: 10.1017/S00071145200

02688

16. Lane MM, Davis JA, Beattie S, Gómez-Donoso C, Loughman A, O’Neil A, et

al. Ultraprocessed food and chronic noncommunicable diseases: a systematic

review and meta-analysis of 43 observational studies. Obesity Rev. (2021)

22:e13146. doi: 10.1111/obr.13146

17. Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen KY,

et al. Ultra-processed diets cause excess calorie intake and weight

gain: an inpatient randomized controlled trial of ad libitum food

intake. Cell Metab. (2019) 30:67–77.e3. doi: 10.1016/j.cmet.2019.

05.020

18. Lohner S, Kuellenberg de Gaudry D, Toews I, Ferenci T, Meerpohl JJ. Non-

nutritive sweeteners for diabetes mellitus. Cochrane Database Syst Rev. (2020)

5:CD012885. doi: 10.1002/14651858.CD012885.pub2

19. Shankar P, Ahuja S, Sriram K. Non-nutritive sweeteners: review and update.

Nutrition. (2013) 29:1293–9. doi: 10.1016/j.nut.2013.03.024

20. Baker-Smith CM, Ferranti SD de, Cochran WJ, Committee on Nutrition

S on G. The use of nonnutritive sweeteners in children. Pediatrics.

(2019) 144:e20192765.doi: 10.1542/peds.2019-2765

21. Reyes M, Garmendia ML, Olivares S, Aqueveque C, Zacarías I,

Corvalán C. Development of the Chilean front-of-package food warning

label. BMC Public Health. (2019) 19:906. doi: 10.1186/s12889-019-

7118-1

22. Kanter R, Reyes M, Vandevijvere S, Swinburn B, Corvalán C. Anticipatory

effects of the implementation of the Chilean Law of Food Labeling and

Advertising on food and beverage product reformulation. Obesity Rev. (2019)

20:129–40. doi: 10.1111/obr.12870

23. Chile. Reglamento Sanitario de Los Alimentos DTO. N◦ 977/96

(D.OF. 13.05.97). Santiago: Ministerio de Salud (2010).

24. Dunford EK, Taillie LS, Miles DR, Eyles H, Tolentino-Mayo L, Ng SW. Non-

nutritive sweeteners in the packaged food supply-an assessment across 4

countries. Nutrients. (2018) 10:257. doi: 10.3390/nu10020257

25. Sylvetsky AC, Rother KI. Trends in the consumption of

low-calorie sweeteners. Physiol Behav. (2016) 164(Pt B):446–

50. doi: 10.1016/j.physbeh.2016.03.030

26. Chazelas E, Deschasaux M, Srour B, Kesse-Guyot E, Julia C, Alles B, et

al. Food additives: distribution and co-occurrence in 126,000 food products

of the French market. Sci Rep. (2020) 10:3980. doi: 10.1038/s41598-020-

60948-w

27. Figueiredo L dos S, Scapin T, Fernandes AC, Proença RP da C. Where are the

low-calorie sweeteners? An analysis of the presence and types of low-calorie

sweeteners in packaged foods sold in Brazil from food labelling. Public Health

Nutr. (2018) 21:447–53. doi: 10.1017/S136898001700283X

28. Grotz VL, Munro IC. An overview of the safety of sucralose. Regul Toxicol

Pharmacol. (2009) 55:1–5. doi: 10.1016/j.yrtph.2009.05.011

29. Dunford EK, Miles DR, Ng SW, Popkin B. Types and amounts of

nonnutritive sweeteners purchased by US households: a comparison of 2002

and 2018 Nielsen Homescan purchases. J Acad Nutr Diet. (2020) 120:1662–

71.e10. doi: 10.1016/j.jand.2020.04.022

30. Rebolledo N, Reyes M, Corvalán C, Popkin BM, Smith Taillie L. Dietary

intake by food source and eating location in low- and middle-income chilean

preschool children and adolescents from southeast santiago.Nutrients. (2019)

11:1695. doi: 10.3390/nu11071695

31. Venegas Hargous C, Reyes M, Smith Taillie L, González CG, Corvalán

C. Consumption of non-nutritive sweeteners by pre-schoolers of the food

and environment Chilean cohort (FECHIC) before the implementation

of the Chilean food labelling and advertising law. Nutr J. (2020)

19:69. doi: 10.1186/s12937-020-00583-3

32. Martínez X, Zapata Y, Pinto V, Cornejo C, Elbers M, van der Graaf

M, et al. Intake of non-nutritive sweeteners in chilean children after

enforcement of a new food labeling law that regulates added sugar

content in processed foods. Nutrients. (2020) 12:1594. doi: 10.3390/nu120

61594

Frontiers in Nutrition | www.frontiersin.org 9 November 2021 | Volume 8 | Article 773450

https://www.frontiersin.org/articles/10.3389/fnut.2021.773450/full#supplementary-material
https://www.junaeb.cl/wp-content/uploads/2013/03/Mapa-Nutricional-2019-1.pdf
https://www.junaeb.cl/wp-content/uploads/2013/03/Mapa-Nutricional-2019-1.pdf
https://doi.org/10.1111/obr.13126
https://doi.org/10.1017/S1368980017001161
http://www.healthdata.org/chile
http://www.healthdata.org/chile
https://doi.org/10.1111/obr.12802
https://doi.org/10.1371/journal.pmed.1003220
https://doi.org/10.3390/nu12082371
https://doi.org/10.3389/fnut.2020.00068
https://doi.org/10.4067/S0717-75182019000300245
https://doi.org/10.1186/s40795-019-0269-8
https://doi.org/10.1017/S1368980017001392
https://doi.org/10.1017/S1368980018003762
https://doi.org/10.1186/s12937-020-00604-1
https://doi.org/10.1017/S0007114520002688
https://doi.org/10.1111/obr.13146
https://doi.org/10.1016/j.cmet.2019.05.020
https://doi.org/10.1002/14651858.CD012885.pub2
https://doi.org/10.1016/j.nut.2013.03.024
https://doi.org/10.1542/peds.2019-2765
https://doi.org/10.1186/s12889-019-7118-1
https://doi.org/10.1111/obr.12870
https://doi.org/10.3390/nu10020257
https://doi.org/10.1016/j.physbeh.2016.03.030
https://doi.org/10.1038/s41598-020-60948-w
https://doi.org/10.1017/S136898001700283X
https://doi.org/10.1016/j.yrtph.2009.05.011
https://doi.org/10.1016/j.jand.2020.04.022
https://doi.org/10.3390/nu11071695
https://doi.org/10.1186/s12937-020-00583-3
https://doi.org/10.3390/nu12061594
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Zancheta Ricardo et al. Changes in Non-nutritive Sweeteners in Chile

33. Archibald AJ, Dolinsky VW, Azad MB. Early-life exposure to non-

nutritive sweeteners and the developmental origins of childhood obesity:

global evidence from human and rodent studies. Nutrients. (2018)

10:194. doi: 10.3390/nu10020194

34. Mennella JA, Bobowski NK, Reed DR. The development of sweet taste:

from biology to hedonics. Rev Endocr Metab Disord. (2016) 17:171–

8. doi: 10.1007/s11154-016-9360-5

35. Cuadrado C, Dunstan J, Silva-Illanes N, Mirelman AJ, Nakamura R, Suhrcke

M. Effects of a sugar-sweetened beverage tax on prices and affordability

of soft drinks in Chile: a time series analysis. Soc Sci Med. (2020)

245:112708. doi: 10.1016/j.socscimed.2019.112708

36. Lowery CM, Mora-Plazas M, Gómez LF, Popkin B, Taillie LS. Reformulation

of packaged foods and beverages in the Colombian food supply. Nutrients.

(2020) 12:3260. doi: 10.3390/nu12113260

37. Pan American Health Organization. Pan American Health Organization

Nutrient Profile Model. Washington, DC: PAHO (2016). Available online

at: http://www.paho.org/en/documents/pan-american-health-organization-

nutrient-profile-model (accessed Sep 8, 2020).

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.

Copyright © 2021 Zancheta Ricardo, Corvalán, Smith Taillie, Quitral and Reyes.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Nutrition | www.frontiersin.org 10 November 2021 | Volume 8 | Article 773450

https://doi.org/10.3390/nu10020194
https://doi.org/10.1007/s11154-016-9360-5
https://doi.org/10.1016/j.socscimed.2019.112708
https://doi.org/10.3390/nu12113260
http://www.paho.org/en/documents/pan-american-health-organization-nutrient-profile-model
http://www.paho.org/en/documents/pan-american-health-organization-nutrient-profile-model
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Changes in the Use of Non-nutritive Sweeteners in the Chilean Food and Beverage Supply After the Implementation of the Food Labeling and Advertising Law
	Introduction
	Materials and Methods
	Chilean Food and Beverage Database
	NNS Types
	NNSs Combined With Ingredients Adding Sugars
	High in Sugars Status
	Data Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


