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Abstract

Background

In 2016, Chile implemented a multiphase set of policies that mandated warning labels,
restricted food marketing to children, and banned school sales of foods and beverages high
in nutrients of concern (“high-in” foods). Chile’s law, particularly the warning label compo-
nent, set the precedent for a rapid global proliferation of similar policies. While our initial
evaluation showed policy-linked decreases in purchases of high-in, a longer-term evaluation
is needed, particularly as later phases of Chile’s law included stricter nutrient thresholds and
introduced a daytime ban on advertising of high-in foods for all audiences. The objective is
to evaluate changes in purchases of energy, sugar, sodium, and saturated fat purchased
after Phase 2 implementation of the Chilean policies.

Methods and findings

This interrupted time series study used longitudinal data on monthly food and beverage pur-
chases from 2,844 Chilean households (138,391 household-months) from July 1, 2013 until
June 25, 2019. Nutrition facts panel data from food and beverage packages were linked at
the product level and reviewed by nutritionists. Products were considered “high-in” if they
contained added sugar, sodium, or saturated fat and exceeded nutrient or calorie thresh-
olds. Using correlated random-effects models and an interrupted time series design, we
estimated the nutrient content of food and beverage purchases associated with Phase 1

and Phase 2 compared to a counterfactual scenario based on trends during a 36-month pre-
policy timeframe. Compared to the counterfactual, we observed significant decreases in
high-in purchases of foods and beverages during Phase 2, including a relative 36.8% reduc-
tion in sugar (-30.4 calories/capita/day, 95% CI -34.5, -26.3), a 23.0% relative reduction in
energy (-51.6 calories/capita/day, 95% Cl -60.7, -42.6), a 21.9% relative reduction in sodium
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(-85.8 mg/capita/day, 95% CI -105.0, -66.7), and a 15.7% relative reduction in saturated fat
(-6.4 calories/capita/day, 95% CI -8.4, -4.3), while purchases of not-high-in foods and drinks
increased. Reductions in sugar and energy purchases were driven by beverage purchases,
whereas reductions in sodium and saturated fat were driven by foods. Compared to the
counterfactual, changes in both high-in purchases and not high-in purchases observed in
Phase 2 tended to be larger than changes observed in Phase 1. The pattern of changes in
purchases was similar for households of lower versus higher socioeconomic status. A limita-
tion of this study is that some results were sensitive to the use of shorter pre-policy time
frames.

Conclusions

Compared to a counterfactual based on a 36-month pre-policy timeframe, Chilean policies
on food labeling, marketing, and school food sales led to declines in nutrients of concern
during Phase 2 of implementation, particularly from foods and drinks high in nutrients of con-
cern. These declines were sustained or even increased over phases of policy
implementation.

Author summary

Why was this study done?

o Chile implemented a multiphase set of policies to halt increases in obesity prevalence
and noncommunicable disease risk.

« These policies mandated front-of-package warning labels on foods and beverages,
restricted food marketing to children, and banned the sale of foods and beverages high
in nutrients of concern (e.g., sugar, saturated fat) in schools.

o These policies were implemented in 3 phases, with increasingly strict nutritional thresh-
olds in each phase and the introduction of a daytime marketing ban in Phase 2. We
aimed to examine the pre-post association of these policies with food purchases during
the Phase 2 implementation.

What did the researchers do and find?

« Using longitudinal data on household food purchases, we estimated how purchases high
in nutrients of concern were associated with the Phase 1 and Phase 2 implementations
compared to a counterfactual scenario, or hypothetical food purchases if the policies
had not been enacted, based on trends during a 36-month pre-policy timeframe.

o After the Phase 2 implementation, compared to the counterfactual, purchases of foods
high in nutrients of concern decreased, ranging from approximately a 16% relative
reduction for saturated fat purchases to a 37% relative reduction in sugar purchases,
while purchases of foods not high in nutrients of concern increased. Compared to coun-
terfactual, there were larger drops in purchases of nutrients of concern from high-in
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foods and beverages in Phase 2 compared to Phase 1; there were also larger increases in
purchases from not high-in foods and beverages.

o There were few differences in post-policy food and beverage purchases by socioeco-
nomic strata.

o Overall, there was a reduction in purchases of nutrients of concern during Phase 2 of
implementation.

What do these findings mean?

o The Phase 2 implementation led to declines in purchases of nutrients of concerns, espe-
cially from high-in foods and drinks.

» Purchasing changes of high-in and not-high in foods were more pronounced in Phase 2
than in Phase 1, suggesting that post-policy purchasing changes were maintained or
even strengthened over time.

« Reductions in nutrients of concern were similar across socioeconomic strata, suggesting
that this policy did not disproportionately advantage or disadvantage any group.

o The main limitations of this study are that the data included are only a portion of what
Chilean households purchase, and total dietary intake data are needed to fully evaluate
the policies.

Introduction

In the last decade, many countries across the globe have taken action to halt increases in obe-
sity prevalence and noncommunicable disease risk by implementing policies designed to
reduce consumption of unhealthy packaged foods and sugar-sweetened beverages [1]. In the
years since Chile first began implementing its landmark policies on front-of-package labeling,
restricted marketing, and ban of school sales of food and drinks high in calories, added sugar,
sodium, and saturated fat (“high-in” foods), many countries around the globe have followed
suit. Chile’s policy requiring mandatory warning labels on the front of “high-in” foods has
seen particularly rapid momentum, with the majority of countries in South and North Amer-
ica now having implemented or in the process of implementing similar policies. Even in the
United States, where policy progress has been slower, the 2022 National White House Confer-
ence on Hunger and Health recommended clearer front-of-package labels as an important
strategy for improving public health nutrition, and the US Food and Drug Administration is
now researching design options for a simple, interpretive front-of-package food label, includ-
ing a version of warning labels.

The Chilean regulations were implemented in 3 phases (2016, 2018, and 2019). Initial evalu-
ations of the Chilean policy after the first phase found that it was associated with changes in
the food environment, including reductions of nutrients of concern in the food supply (e.g.,
energy, sugar, sodium, and saturated fat) [2] and reductions in children’s exposure to
unhealthy food advertising and marketing [3-7], improvements in mothers’ understanding of
unhealthy foods and use of the warning labels [8], reductions in purchases of foods and drinks
carrying the warning label [9-11], improvements in the nutritional quality of foods available
in schools [12], and improvement in children’s dietary intake [13].
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However, much less is known about policy-linked changes in dietary behavior over a longer
time period. Evaluations of beverage taxes have shown sustained decreases in purchases 2
years after policy implementation [14-16], but to our knowledge, there have been no longer-
term evaluations of a multicomponent nonfiscal policy such as Chile’s. One concern is that the
impact of certain parts of the law like the warning labels might wear off over time as consumers
became accustomed to seeing the labels on packages, reducing the influence on food pur-
chases. On the other hand, the second phase of Chile’s law, implemented in July 2018, included
important changes to the regulations that could have increased the law’s impact on food pur-
chases. Nutrient thresholds (particularly for foods) became stricter, meaning that more foods
and beverages were affected by the regulations. In addition, the marketing restriction
expanded to include the first-ever daytime ban on television advertising of all “high-in” prod-
ucts to all audiences, not just those using child-directed appeals or appearing on children’s
programs. While a recently published study found a 63% reduction in high-in food advertise-
ments on television during Phase 2 [17], changes in food purchasing during this period are
currently unclear.

Other questions relate to how the policy influenced specific product types. For example, it
is unclear which food or beverage groups were most affected by the law, which is important for
understanding nutrient changes and, ultimately, dietary patterns. In addition, it is unclear the
extent to which the policy shifted purchases from products with multiple nutrients of concern
(and thus likely to carry multiple warning labels) to products with one nutrient of concern
(one warning label) or no nutrients of concern (no warning labels). These data are relevant to
inform front-of-package labeling policies in other countries, who are grappling with the ideal
number of warning labels to put on products in order to nudge consumers to healthier
choices.

Finally, it is also important to understand whether the policies differentially influenced
food purchases for households with low socioeconomic status (SES). A recent review of inter-
pretive front-of-package labels found that while such labels are better understood than back-
of-package nutrition information, relative to high-SES individuals, low-SES individuals are
less likely to understand and use front-of-package labels and also less likely to shift purchasing
intentions as a result of label exposure [18]. In addition, food prices are a major driver of food
choices in low-SES households [19], potentially making them less likely to respond to nonfiscal
policies like labeling and marketing policies. Understanding policy-linked purchasing changes
among low-SES households is critical for ensuring future policies promote healthier diets for
the entire population.

The objective of this study is to examine the pre-post association of the Chilean Law of
Food Labeling and Advertising with purchases of nutrients of concern during Phase 2 of
implementation of the law. A secondary objective is to explore whether changes in purchases
over time differed by household SES and by number of nutrients of concern.

Methods

This study was exempt from review by the University of North Carolina, Chapel Hill Institu-
tional Review Board (IRB) as it used secondary, deidentified data. The study was approved by
the University of Chile IRB.

Study design and participants

We used longitudinal data on household food purchases from Kantar WorldPanel Chile (Kan-
tar) from July 1, 2013 to June 25, 2019. Data were aggregated at the household-monthly level.
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Households were excluded if they were missing demographic information for a given year.
We also excluded all purchases in bulk (no quantity), purchases with a price or quantity of
zero, baby food and formula, Kantar categories and subcategories that were introduced or dis-
continued during the study period as determined by changes in the number of purchases in
these categories and subcategories over time (condensed milk, snacks, cereal bars, and minced
meat), and household-month observations with total energy of zero across all food and bever-
age purchases. We also excluded household-month observations from new panelists before
their first full month in the panel. We did so because Kantar began integrating new panelists
around the last week of each month in February 2017, resulting in systematic measurement
error in their first monthly totals. S1 Table shows each exclusion criteria and the number of
household-month observations dropped. The final analytical sample included 2,844 unique
households (median follow-up, 64 months; 138,391 household-month observations) from cit-
ies (population >20,000) across 13 of Chile’s 16 regions. The Kantar sample is weighted to be
representative of these regions’ urban populations in terms of key demographics. Compared to
the urban population nationwide (S2 Table), Kantar households are slightly more educated,
bigger by just over one person on average, younger (main shopper’s age and head of house-
hold’s age), and similarly distributed geographically.

Data on household purchases included the volume (ml) or weight (g), barcode, date, price,
retail outlet, brand, and package size. Data were then linked at the product level to nutrition
data, which were collected and updated annually from 2015 to 2019. S3 Table reports the food
and beverage categories included and their aggregate expenditure shares.

Data also included household characteristics, including size, composition (age and gender
of each member), assets (number of rooms, bathrooms, and cars), geographical region, age of
main shopper, head of household (primary earner) current educational attainment, and SES.
Regarding the SES measure, households were categorized by Kantar into 4 categories using the
2007 methodology of the market research association Asociacion de Investigadores de Mercado
y Opinion Publica de Chile (AIM), combining the lowest 2 groups into 1. Briefly, households
were scored on whether they possessed certain goods (e.g., refrigerator, washing machine,
DVD player) and paid for certain services (namely, internet and full-time domestic worker), as
well as on the household head’s education level. The cutoft points for AIM’s 5 SES categories
correspond to the 10th, 45th, 70th, and 90th percentiles of scores in a large sample of house-
holds in the Gran Santiago area conducted in 2007. One limitation of this methodology is that
goods and services that could be used to reliably differentiate between SES groups in 2007
were not necessarily as relevant by the end of the study period. Therefore, we consider the SES
indicator an imperfect SES measure.

We further linked the data to the quarterly regional unemployment rate [20] (downloaded
from Chile’s statistics office’s website in September 2022) and public holiday data from the
Python package “holidays” (version 0.19, with minor corrections).

For main analyses, the pre-policy period was defined as July 1, 2013 to June 30, 2016, Phase
1 was defined as July 1, 2016 to June 30, 2018, and Phase 2 was defined as July 1, 2018 to June
25, 2019. Because Chile experienced national civil unrest in October 2019 followed by the Coro-
navirus Disease 2019 (COVID-19) pandemic in February to March of 2020, we were unable to
include Phase 3 in this study (beginning July 1, 2019) due to the food supply disruptions.

The Chilean regulation

Chile’s law requires that packaged foods and beverages containing added sugar, added sodium,
or added saturated and exceeding thresholds for these nutrients or overall calories carry front-
of-package warning labels. The labels consist of black octagon(s) with the text that it is high in
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sugar, sodium, saturated fat, and/or calories. The products are also subject to marketing
restrictions (disallowed to use child-directed marketing techniques or air on platforms target-
ing children). The products are also banned from sales or promotion in schools and nurseries.
The policy was implemented in phases with increasingly strict nutrient thresholds imple-
mented in July 2016 (Phase 1); July 2018 (Phase 2); and July 2019 (Phase 3) (S4 Table). The
main difference between the Phase 1 and Phase 2 regulations was that for foods, the thresholds
became much stricter for sodium (800 mg/100 g to 500 mg/100 g) and total sugars (22.5 g to
15 g/100 g), with smaller reductions for calories (350 calories to 300 calories per 100 g) and sat-
urated fat (6 g/100 g to 5 g/100 g). For beverages, changes in the thresholds were smaller and
affected only calories (from 100 calories/100 ml to 80 calories/100 ml) and sugar (from 6 g/100
ml to 5 g/100 ml). The other key difference between Phase 1 and Phase 2 is Phase 2 expanded
the marketing restrictions to include a ban on advertising of products with the warning labels
on daytime television from 6 AM to 10 PM, regardless of audience (in other words, it was no
longer just limited to children’s programming).

Nutritional data and linkage procedure

In order to estimate the nutrient content of food purchases in each policy period, the purchases
data are linked to updated nutrition data on the food supply. As previously described, house-
hold purchases were linked at the product level to nutrition facts panel (NFP) data from food
packages collected by the Institute of Nutrition and Food Technology (INTA), University of
Chile via photographs taken in supermarkets in the first quarter of each year starting in 2015,
as well as other data sources when INTA data were not available. As in previous studies, data
were matched on barcode, and product characteristics (e.g., brand, product description) if no
barcode match was found [9,21].

A visual depiction of linkages is available in S1 Fig, with more detail provided in S5 Table.
In brief, for the pre-policy period, purchases were primarily linked to NFP data collected in
the first quarters of 2015 and 2016; for Phase 1, purchases were primarily linked to NFP data
collected in the first quarters of 2017 and 2018; and for Phase 2, purchases were primarily
linked to NFP data collected in the first quarter of 2019. To link unmatched products, we
extended the search to INTA data from previous years, starting with 1 year prior, then 2 years
prior, etc., down to 2015. Any remaining unmatched products were linked to Mintel’s New
Products Database for the Americas (mostly Chile), and other sources for a very small number
of products.

As with any linkage procedure, this linkage assumes that the nutrient content of products
was constant within each linked period (pre-policy, parts 1 and 2 of Phase 1, and Phase 2),
rather than what was more likely, that changes in nutrient content occurred over time as prod-
ucts were gradually reformulated, new products were introduced, and old products were
removed. In particular, for purchases linked to the preferred NFP data year (e.g., 2019 for
Phase 2 purchases), reformulations that occurred during the linked period appear as if they
occurred either at the start of the period (if reformulated before the NFP data were collected)
or at the start of the following period (if reformulated after the NFP data were collected). For
example, a product purchased in Q3 of 2016 and linked to NFP data collected in Q1 of 2017 is
assumed to have the same nutrient content as it did in Q1 of 2017, even though it could have
been reformulated after the purchase (thereby understating nutrients of concern, if they were
reduced by reformulation). Conversely, a product purchased in Q2 of 2017 and linked to the
same NFP data is assumed to have the same nutrient content as it did in Q1 of 2017, even
though it could have been reformulated before the purchase (thereby overstating nutrients of
concern, if they were reduced by reformulation).

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004463 September 27, 2024 6/25


https://doi.org/10.1371/journal.pmed.1004463

PLOS MEDICINE

Nutrient purchases after Chile’s food labeling and marketing law

Classification of products as “high in” or not “high in”. All purchases were classified as
to whether they were “high in” or “not high in” nutrients of concern according to the final
thresholds established in the final phase (Phase 3) of the Chilean regulation. We decided to use
the Phase 3 thresholds and apply them across all time periods, instead of applying the corre-
sponding nutrition thresholds in each phase, for multiple reasons: (1) this is the set of products
that the final Chilean law ultimately deemed unhealthy and thus is the set of products we wish
to track over time; (2) to retain consistency in definition across the entire time period, so that
our estimation represents changes in purchases rather than changes in thresholds. It was not
possible to conduct the analysis according to whether products actually contained labels
because, by definition, no products carried labels in the pre-policy period (at least until closer
to the start of Phase 1). Thus, the “high-in” designation reflects the products that would be sub-
ject to carry warning labels and be subject to marketing restrictions and school sales bans
according to the final Chilean regulation.

Specifically, nutritionists reviewed each product for nutritional accuracy and, for consis-
tency across all policy periods, applied the Phase 3 thresholds to categorize each product as
"high-in” if it contained added sugar, sodium, or saturated fat and exceeded nutrient or calorie
thresholds in Phase 3 and thus was subject to the labeling, marketing, and school regulations
[22]. Foods and beverages were categorized as not high-in if they contained no nutrients of
concern or they did not exceed the thresholds for these nutrients.

Nutritionists also categorized foods into nutritionally and behaviorally relevant groups (S3
Table). Some groups were excluded from analysis because they were not affected by the regula-
tion (e.g., plain teas, sweeteners, vegetable oils, formulas, and supplements).

Outcomes

All outcomes were standardized per capita per day by taking sums at the household-month
level and dividing by the number of days in the month and number of household members. As
in our previous evaluation, the main outcome was total energy (calories), which was selected
as the primary outcome due to its relevance for obesity prevention, one of the main goals of
the law. We also examined total sugar (calories), saturated fat (calories), and sodium (mg). For
all nutrients, we conducted analyses of overall purchases and for high-in and not high-in pur-
chases. Consistent with our first-phase evaluation [9], we also examined food (all 4 outcomes)
and beverage (energy and sugar) purchases separately and by subgroup (restricting our atten-
tion to subgroups accounting for at least 5% of aggregate food or beverage expenditure and
with a relatively high proportion of high-in products).

Lastly, we wanted to understand how purchases of products changed by whether they were
high in 0, 1, or 2 or more nutrients of concern (and thus likely to carry 0, 1, 2, or more warning
labels). To do this, we also aggregated purchases of products with 0, 1, or 2 high-in nutrients at
the household-month level and then calculated daily per capita values.

Statistical analysis

Statistical code for all analysis is available on Open Science Framework: https://osf.io/fcp9r/.
We used an interrupted time series design with immediate intercept and slope changes and
an exponential conditional mean to estimate the changes in the nutritional content of food
and beverage purchases associated with the first and second phases of the law, i.e., we assumed
that each phase was associated with immediate relative changes (represented by the intercept)
and that these changes may have increased or decreased over time (represented by the slope).
These assumptions reflect both the nature of the intervention and the way we linked the pur-
chase and NFP data. First, we assumed relative changes in purchases because absolute changes
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are likely to differ across households with varying levels of nutrients of concern. Second,
because of how we linked the purchase and NFP data, reformulations appear as if they all
occurred in July 2016 (start of Phase 1), July 2017, and July 2018 (start of Phase 2), hence the
assumption of immediate changes in nutrients of concern relating to reformulation of nutri-
ents in products. Third, we allowed these changes to increase or decrease over time to reflect
reformulations mid-Phase 1 (July 2017) and gradual behavioral change on the part of
consumers.

We used correlated random-effects exponential mean (Poisson) models together with the
quasi-likelihood Poisson estimator with standard errors clustered at the household level to esti-
mate the parameters of interest (model and equations can be found in S1 Appendix). The
impact model took the form of a continuous variable for time (at monthly intervals), pre-post
indicator variables for the first and second phases, and interactions with time. Although the
study period is relatively short, we considered a quadratic time component, but the results
were highly implausible (not reported). We controlled for seasonality by including indicator
variables for each month of the year (reference: January), number of household members by
age and sex (children aged 0 to 1 year, 2 to 5 years, and 6 to 13 years, females aged 14 to 18
years and 19 years or over, and males aged 14 to 18 years and 19 years or over), SES (ABCI,
C2, C3, and DE; reference: ABC1), the head of household’s education level (less than high
school, high school, and more than high school; reference: less than high school), the unem-
ployment rate at the region and quarter level, the number of public holidays at the region and
month level, and a pre-post indicator variable for the SSB tax implemented on October 1,
2014. The correlated random effects were implemented using Mundlak’s device, i.e., by adding
the within means of all time-varying variables.

We then used the regression results to derive estimates of the average percentage and abso-
lute changes associated with each phase of the law, calculated as differences in predicted values
between the actual scenario and the counterfactual in which the law had not passed. We also
estimated monthly means in the actual and counterfactual scenarios to depict these differences
over time. We weighted these estimates using Kantar’s annual projection weights.

Separately, we created an indicator variable for low SES by combining the lowest 2 levels
and interacted it with each variable of the impact model to see if SES moderated the law’s
impact. For these analyses, we focused on energy as our main outcome of interest. For these
models, we dropped the head of household’s education level from the model because it is a
component of SES, so keeping it would have meant restricting any moderation effect to the
other components of SES.

To understand whether there were bigger changes for products that were high in more
nutrients of concern, we also examined the primary outcome by the number of nutrients of
concern in excess. Finally, to understand if different food groups changed more or less after
the law’s implementation, we conducted analyses using the same model as in the main analyses
to examine nutrient outcomes for food and beverage subgroups.

Sensitivity analyses

We conducted a series of sensitivities analyses, focusing on energy outcomes. First, we
explored differences in estimates when allowing for a label rollout period between April and
June 2016 (i.e., assuming that some companies may have placed warning labels on products
before the official implementation date) [23,24]. We did so by adding a temporary slope
change (but no intercept change) during the rollout period, assuming that it would not have
occurred absent the policy. Second, we reduced the length of the baseline period from 36
months (which balances the pre and post periods) to 30, 24, and 18 months by dropping
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observations before January 2014, July 2014, and January 2015, respectively. These analyses
allow us to understand how the use of different baseline periods may affect results (either
through changes to trends in purchasing behaviors, or changes to assumptions around refor-
mulation, or both).

Since there were differences in the distribution of current educational attainment levels in
the Kantar WorldPanel sample over time compared to estimates of educational attainment for
urban households from the nationally representative CASEN (Encuesta de Caracterizacion
Socioecondmica) (S6 Table), we also conducted several sensitivity analyses on education. First,
we estimated energy outcomes in models without adjusting for current household educational
attainment. In a subsequent model, we included initial household head educational attainment
in the model (e.g., we adjusted for the first observed value of educational attainment), since ini-
tial education was more consistent to CASEN estimates over time than was current education.

Lastly, although the Poisson model is well suited for nonnegative skewed dependent vari-
ables, we compared our food and beverage group results to estimates obtained from a 2-part
model consisting of a correlated random-effects logit model in the first part (with the same
explanatory variables) and the correlated random-effects Poisson model for the nonzero out-
comes in the second part. All but the baseline period and 2-part model sensitivity analyses
were added in response to reviewers’ comments.

All analyses were conducted in Stata 17 (College Station, Texas, USA).

Role of the funding source. Study funders had no role in any aspect of the study, from
design to interpretation to publication. Furthermore, none of the coauthors have any conflict
of interest.

Results

Descriptive characteristics of the sample can be found in Table 1. Household size increased
over time; although household SES remained consistent over time, the household head’s cur-
rent educational attainment level increased.

Prior to the law, approximately 44% of foods were eligible to carry 2 or more warning labels,
25% were eligible to carry 1 warning label, and 31% would have had 0 warning labels (57
Table). For beverages, only 3% were eligible to carry 2 or more warning labels, 39% were eligi-
ble to carry 1 warning label, and 58% would have had 0 warning labels.

Unadjusted results

Unadjusted results on household purchases can be found in S8 and S9 Tables. The pattern of
results showed a decline in nutrients of concern purchased across the study time period as well
as declines in the share of nutrients from purchases of high-in products, ranging from -5.6 per-
centage points for saturated fat to -16.5 percentage points for sugar.

Adjusted results

Comparing weighted estimates of purchases as observed to the counterfactual scenario in
Phase 1 and Phase 2, we observe significant decreases in purchases of high-in foods and bever-
ages during Phase 2 (Figs 1 and 2), including a 36.8% relative reduction in sugar (-30.4 calories,
95% CI -34.5, -26.3), a 23.0% relative reduction in energy (-51.6 calories, 95% CI -60.7, -42.6),
a 21.9% relative reduction in sodium (-85.8 mg, 95% CI -105.0, -66.7), and lastly, a 15.7% rela-
tive reduction in saturated fat (-6.4 calories, 95% CI -8.4, -4.3).

These decreases were partially compensated by increases in not high-in purchases
(Table 2), but there remained a significant decrease in total nutrients purchased during Phase
2, resulting in relative reductions of 20.2% in sugar (95% CI -23.8, -16.7), 13.8% in sodium
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Table 1. Weighted sociodemographic characteristics of the Kantar WorldPanel sample by year.

Household size

Main shopper’s age

Number of cars

Number bathrooms

Number bedrooms

Household head’s current education
Lower than high school
High school
Higher than high school
Socioeconomic status (SES)
ABC1 (highest)
C2
C3
DE (lowest)
Region
North
Center
South
Number of household-month obs.

2013 2014 2015 2016 2017 2018 2019
42 44 42 42 43 44 45
(1.6) (1.7) (1.6) (1.7) (1.7) (1.7) (1.7)
47.9 48.3 48.2 48.6 493 49.4 49.6
(14.5) (14.7) (15.0) (14.9) (15.2) (15.5) (15.5)
0.5 0.6 0.7 0.7 0.7 0.7 0.7
(0.7) (0.7) (0.8) (0.7) (0.7) (0.7) (0.8)
1.3 1.3 1.3 1.3 1.3 1.3 1.3
(0.6) (0.6) (0.6) (0.6) (0.6) (0.6) (0.7)
2.9 3.0 3.1 3.0 3.0 3.0 3.1
(1.0) (2.4) (1.5) (1.0) (1.0) (1.0) (1.0)
42% 40% 37% 32% 31% 28% 27%
37% 38% 40% 42% 42% 45% 44%
21% 22% 23% 25% 27% 28% 29%
8% 8% 8% 8% 8% 8% 7%
17% 17% 17% 16% 16% 17% 16%
27% 27% 27% 27% 27% 27% 28%
49% 49% 49% 49% 49% 48% 49%
13% 13% 12% 13% 13% 13% 13%
64% 63% 63% 63% 63% 62% 62%
24% 24% 24% 24% 24% 25% 25%
11,636 23,455 23,292 23,385 22,762 22,684 11,177

Notes: The sample starts in July 2013 and ends in June 2019. The definition of SES is based on Chile’s Association for Market Research and Public Opinion (Asociacion

de Investigadores de Mercado y Opinion Publica), which is a measure of SES based on a list of goods and services consumed by the household and the education level of

the head of household.

https://doi.org/10.1371/journal.pmed.1004463.t001

(95% CI -17.6, -9.9), -9.6% in saturated fat (95% CI -13.8, -5.3), and 8.3% in energy (95% CI
-11.6, -5.0) from total food and beverage purchases.

We observed that nutrient reductions were more pronounced for beverages than for foods
for sugar and calories. For example, in Phase 2, there was a 53.6% relative reduction in energy
from high-in beverages (-30.6 calories, 95% CI -34.4, -26.8) and a 24.5% relative reduction in
total energy from beverages (-24.1 calories, 95% CI -29.2, -19.1), but only a 13.4% relative
reduction in energy from high-in foods (-22.6 calories, 95% CI -29.9, -15.4) and a 3.8% relative
reduction in total energy from foods (-12.8 calories, 95% CI -25.7, 0.1), with a similar pattern
for sugar purchases. Among food purchases, there were significant reductions in both sodium
and saturated fat purchases, both among high-in and total food purchases.

In general, the pattern of results in Phase 2 suggested lager changes in purchases than in
Phase 1. Relative to the counterfactual based on the pre-policy period, there were larger
declines in high-in food, beverage, and total purchases in Phase 2 compared to Phase 1, as well
as larger increases in not high-in food, beverage, and total purchases, with mixed results on
total food purchases. To further understand how changes in purchases differed between Phase
1 and Phase 2, we examined the underlying intercept and slope changes (S10 Table). Focusing
on total nutrients from both high-in and not high-in purchases, all Phase 1 intercept changes
for foods, beverages, and foods and beverages combined are negative, together with small
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Energy (kcal) Saturated fat (kcal)

Sodium (mg)

] Mean observed ~ —— Meanfitted ---- Mean counterfactual I

Fig 1. Mean observed, fitted, and counterfactual energy, saturated fat, sodium, and sugar per capita per day from
high-in food and beverage purchases. Adjusted for seasonality (month dummies), household composition (number
of household members by age and sex group), SES (4 categories), head of household education level (less than high
school, high school, more than high school), region-quarter unemployment rate, number of public holidays in the
month, October 2014 beverage tax changes (pre-post dummy), and unobserved time-invariant household
characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.9001

positive (or nonsignificant) slope changes for foods and foods and beverages combined, and
small negative slope changes for beverages. All Phase 2 intercept changes are positive (but
smaller in magnitude than the initial intercept changes) or not statistically significant (sugars
from foods and foods and beverages combined). However, these positive intercept changes

Energy (kcal) Saturated fat (kcal)

Sodium (mg) Sugar (kcal)

450
1

400

600 700 350
L

500

400

| Mean observed =~ —— Mean fitted  ---- Mean counterfactual |

Fig 2. Mean observed, fitted, and counterfactual energy, saturated fat, sodium, and sugar per capita per day from
total food and beverage purchases. Adjusted for seasonality (month dummies), household composition (number of
household members by age and sex group), SES (4 categories), head of household education level (less than high
school, high school, more than high school), region-quarter unemployment rate, number of public holidays in the
month, October 2014 beverage tax changes (pre-post dummy), and unobserved time-invariant household
characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.9002
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Table 2. Estimated average absolute and relative changes from the no-policy counterfactual by phase and high-in status.

Energy Saturated fat Sodium Sugars
(kcal/capita/day) (kcal/capita/day) (mg/capita/day) (kcal/capita/day)
Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff.
Total
Phase 1
High-in -40.0 -17.1% -4.4 -10.9% -64.0 -15.2% -23.4 -26.7%
(-45.1,-34.9) (-18.9,-15.3) (-5.5,-3.3) (-13.3,-8.5) (-75.5,-52.5) (-17.6,-12.9) (-25.9,-20.9) (-28.8,-24.6)
Not high-in -0.1 0.0% -0.1 -0.6% -3.4 -2.2% 3.3 13.8%
(-5.2,5.0) (-2.4,2.3) (-0.6, 0.4) (-4.9,3.8) (-10.2, 3.4) (-6.5,2.1) (2.5,4.1) (10.0, 17.6)
Total -40.0 -8.8% -4.5 -8.6% -66.7 -11.6% -19.5 -17.6%
(-48.5,-31.5) (-10.5,-7.1) (-5.8,-3.2) (-10.9, -6.3) (-80.4,-53.0) (-13.7,-9.5) (-22.3,-16.8) (-19.6,-15.6)
Phase 2
High-in -51.6 -23.0% -6.4 -15.7% -85.8 -21.9% -30.4 -36.8%
(-60.7,-42.6) (-26.2,-19.8) (-8.4,-4.3) (-19.9,-11.4) (-105.0,-66.7) (-25.8,-18.0) (-34.5,-26.3) (-40.1,-33.6)
Not high-in 15.1 7.1% 1.4 11.8% 10.7 7.3% 8.3 35.4%
(5.6, 24.6) (2.3,11.9) (0.4, 2.3) (2.9,20.7) (-0.4, 21.8) (-0.9, 15.4) (6.8,9.8) (27.0, 43.8)
Total -36.2 -8.3% -5.0 -9.6% -73.5 -13.8% -21.3 -20.2%
(-51.8, -20.6) (-11.6, -5.0) (-7.5, -2.6) (-13.8,-5.3) (-97.2,-49.9) (-17.6,-9.9) (-25.9,-16.7) (-23.8,-16.7)
Foods
Phase 1
High-in -17.5 -10.0% -3.8 -9.6% -55.4 -13.8% -2.9 -8.6%
(-21.5,-13.6) (-12.1, -8.0) (-4.8, -2.7) (-12.0,-7.1) (-66.7,-44.1) (-16.3,-11.4) (-3.8,-1.9) (-11.2,-6.0)
Not high-in -2.0 -1.1% 0.5 12.3% -3.3 -2.9% 0.7 10.7%
(-6.4,2.5) (-3.6,1.4) (0.2,0.7) (4.6, 20.0) (-9.6,2.9) (-8.4,2.5) (0.4, 1.0) (5.9, 15.5)
Total -19.6 -5.5% -3.3 -7.6% -58.2 -11.3% -1.9 -4.8%
(-26.5,-12.7) (-7.4,-3.7) (-4.4,-2.2) (-10.0, -5.2) (-71.1,-45.3) (-13.6,-9.1) (-2.9,-0.9) (-7.3,-2.3)
Phase 2
High-in -22.6 -13.4% -5.4 -13.6% -73.7 -19.8% -4.3 -14.2%
(-29.9,-15.4) (-17.2,-9.7) (-7.4,-3.4) (-18.1,-9.2) (-92.5,-55.0) (-23.9,-15.7) (-5.9,-2.7) (-18.7,-9.7)
Not high-in 10.0 5.9% 1.7 46.6% 8.3 7.8% 2.6 34.0%
(1.7, 18.3) (0.7, 11.0) (1.3,2.2) (29.2,63.9) (-1.7,18.2) (-2.5,18.1) (1.9,3.2) (23.2,44.8)
Total -12.8 -3.8% -3.5 -8.2% -64.2 -13.5% -1.1 -2.9%
(-25.7,0.1) (-7.5,-0.1) (-5.6, -1.4) (-12.6, -3.7) (-86.4,-42.0) (-17.6, -9.5) (-2.8,0.7) (-7.6,1.8)
Beverages
Phase 1
High-in -23.7 -39.5% n/a n/a n/a n/a -20.9 -38.1%
(-26.0,-21.4) (-42.0,-37.1) n/a n/a n/a n/a (-23.1,-18.8) (-40.6,-35.6)
Not high-in 1.8 4.1% n/a n/a n/a n/a 2.4 13.6%
(0.1, 3.5) (0.0, 8.1) n/a n/a n/a n/a (1.7,3.1) (9.3,18.0)
Total -20.9 -20.3% n/a n/a n/a n/a -17.8 -24.7%
(-23.9,-17.9) (-22.6,-18.0) n/a n/a n/a n/a (-20.1,-15.6) (-27.0,-22.4)
Phase 2
High-in -30.6 -53.6% n/a n/a n/a n/a -26.6 -50.8%
(-34.4,-26.8) (-57.1,-50.2) n/a n/a n/a n/a (-30.1,-23.1) (-54.4,-47.2)
Not high-in 5.0 11.9% n/a n/a n/a n/a 5.1 31.3%
(2.0,8.1) (4.0, 19.9) n/a n/a n/a n/a (3.9, 6.3) (22.0, 40.5)
(Continued)
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Table 2. (Continued)

Energy Saturated fat Sodium Sugars
(kcal/capita/day) (kcal/capita/day) (mg/capita/day) (kcal/capita/day)
Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff.
Total -24.1 -24.5% n/a n/a n/a n/a -20.4 -30.0%
(-29.2,-19.1) (-28.4,-20.5) n/a n/a n/a n/a (-24.1,-16.8) (-33.9,-26.1)

Notes: 95% confidence intervals in parentheses. The absolute difference estimates are averaged over household-month observations in the relevant post-policy periods.
The relative difference estimates are averages of month-specific coefficients. This is because the model yields the same predicted relative changes across all households in
a given month but varies over time (due to the slope change). Adjusted for seasonality (month dummies), household composition (number of household members by
age and sex group), SES (4 categories), head of household education level (less than high school, high school, more than high school), region-quarter unemployment
rate, number of public holidays in the month, October 2014 beverage tax changes (pre-post dummy), and unobserved time-invariant household characteristics.

N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.t002

accommodate for steeper declines in Phase 2 (larger negative slope changes), as can be seen in
Fig 2 for foods and beverages overall (especially for energy and sugars). Thus, the Phase 1
changes were mostly driven by large immediate (intercept) changes, while the Phase 2 changes
were mostly driven by gradual (slope) changes.

The pattern of results by number of warning labels also differed for foods and beverages
(Table 3). In Phase 2, for foods, we observed relative and absolute reductions in calorie pur-
chases only for foods with 2 or more nutrients of concern (-20.3%, -27.1 calories/capita/day,
95% CI -33.4, 20.8), whereas we observed relative and absolute increases in calories purchases
for foods with only 1 nutrient of concern (11.8%, 4.2 calories/capita/day, 95% CI 1.9, 6.4). For
beverages, we observed large relative reductions in calorie purchases for beverages with 1
nutrient of concern (-51.6%) and very large reductions in calorie purchases for beverages with
2 or more nutrients of concern (-91.8%). However, it is worth noting that the reduction in
absolute calories purchased for beverages with 2 or more nutrients of concern was much
smaller than for beverages with 1 nutrient of concern (-2.4 calories/capita/day versus -28.0 cal-
ories/capita/day, respectively), likely because very few beverages contain high levels of multiple
nutrients of concern.

Differences by SES groups

Compared to their respective counterfactuals, there were few differences in absolute or relative
declines in calories from total, food, or beverage purchases by SES (low versus high) in either
Phase 1 or Phase 2 of the regulation (Table 4). The exception to this is that for beverages, the
relative decline in calories purchased from high-in beverages was greater for high SES versus
low SES households in both phases of the law, possibly due to high-SES households’ having
lower purchases of high-in beverages during the pre-policy period (S9 Table).

Food and beverage group adjusted results

Food and beverage subgroup results can be found in Tables 5 and 6, respectively.

In general, the pattern of results for food and beverage subgroups in Phase 2 was similar
to the overall pattern of results for food and beverage purchases (Tables 5 and 6, respec-
tively). Most food subgroups showed absolute and relative reductions in calories, saturated
fat, and sodium purchases, though absolute changes in saturated fat purchases were trivial,
and there were no or trivial changes in sugar purchases. One exception to this pattern was
condiments and sauces, for which there were no changes in calories or saturated fat and
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Table 3. Estimated average absolute and relative changes in energy (kcal/capita/day) from the no-policy counterfactual by phase and number of excess nutrients of

concern.
Phase 1 Phase 2
Abs. diff. % diff. Abs. diff. % diff.
Total
0 excess NOC -0.1 0.0% 15.1 7.1%
(-5.2,5.0) (-2.4,2.3) (5.6, 24.6) (2.3,11.9)
1 excess NOC -16.8 -17.6% -22.7 -25.7%
(-19.6, -14.0) (-20.1, -15.1) (-27.2, -18.1) (-29.6, -21.7)
>2 excess NOCs -23.4 -16.9% -29.5 -21.6%
(-26.9, -19.9) (19.0, -14.8%) (-36.0, -23.1) (-25.4,-17.9)
All -40.0 -8.8% -36.2 -8.3%
(-48.5, -31.5) (-10.5,-7.1) (-51.8,-20.6) (-11.6, -5.0)
Foods
0 excess NOC -2.0 -1.1% 10.0 5.9%
(-6.4,2.5) (-3.6,1.4) (1.7, 18.3) (0.7, 11.0)
1 excess NOC 3.2 8.7% 4.2 11.8%
(1.9, 4.6) (4.8,12.7) (1.9, 6.4) (4.7,18.8)
>2 excess NOCs -20.8 -15.3% -27.1 -20.3%
(-24.2,-17.4) (-17.4,-13.2) (-33.4,-20.8) (-24.0, -16.5)
All -19.6 -5.5% -12.8 -3.8%
(-26.5, -12.7) (-7.4,-3.7) (-25.7,0.1) (-7.5,-0.1)
Beverages
0 excess NOC 1.8 4.1% 5.0 11.9%
(0.1, 3.5) (0.0, 8.1) (2.0,8.1) (4.0, 19.9)
1 excess NOC -20.9 -36.7% -28.0 -51.6%
(-23.1, -18.6) (-39.3,-34.1) (-31.7,-24.3) (-55.2, -48.0)
>2 excess NOCs -2.6 -89.4% -2.4 -91.8%
(-3.1,-2.1) (-91.3,-87.4) (-3.1,-1.7) (-96.3, -87.3)
All -20.9 -20.3% -24.1 -24.5%
(-23.9, -17.9) (-22.6, -18.0) (-29.2, -19.1) (-28.4, -20.5)

Notes: 95% confidence intervals in parentheses. NOC: nutrient of concern (saturated fat, sodium, sugars), plus energy. Adjusted for seasonality (month dummies),

household composition (number of household members by age and sex group), SES (4 categories), head of household education level (less than high school, high school,

more than high school), region-quarter unemployment rate, number of public holidays in the month, October 2014 beverage tax changes (pre-post dummy), and
unobserved time-invariant household characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.t003

small changes in sugar, but large reduction in sodium purchases, which declined by 17.6%
(-15 mg/capita/day, 95% CI -20.3, -9.7). Particularly notable reductions in sodium purchases
were also observed for meat, poultry, and meat substitutes (-17.6%, -20.9 mg/capita/day,

95% CI-29.1,-12.7).
Again, similar to the overall beverage results in Phase 2, beverage subgroup purchases

showed sizeable absolute and relative reductions in calories and sugar. While purchases of
fruit and vegetable drinks showed the largest relative decline in purchases of calories (-66.4%,
95% CI -70.5%, -62.3%) and sugar (-70.2%, 95% CI -73.9%, -66.6%), sodas showed the largest

absolute decline in purchases of calories (-9.5 calories/capita/day, 95% CI -12.3, -6.6) and

sugar (-9.2 calories/capita/day, 95% CI -12.0, -6.3).
Sensitivity analyses. The sensitivity results for total energy can be found in S11 and S12
Tables. The model that allowed for a label rollout period between April and June 2016 led to
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Table 4. Estimated average absolute and relative changes in energy (kcal/capita/day) from the no-policy counterfactual by phase, high-in status, and SES.

Abs. diff. % diff.
High SES Low SES Low vs. high High SES Low SES Low vs. high
Total
Phase 1
High-in -40.5 -39.8 0.7 -17.8 -16.6 1.2
(-48.6,-32.5) (-46.0,-33.6) (-9.0, 10.5) (-20.7,-14.9) (-18.8,-14.5) (-2.3,4.6)
Not high-in 2.8 -2.1 -4.8 1.3 -0.9 -2.2
(-4.4,9.9) (-8.4,4.3) (-13.7,4.0) (-2.1,4.7) (-3.7,1.9) (-6.3,1.9)
Total -39.5 -40.7 -1.1 -8.9 -8.8 0.1
(-52.6,-26.5) (-51.1,-30.2) (-17.1,14.8) (-11.5,-6.2) (-10.9, -6.7) (-3.2,3.3)
Phase 2
High-in -54.4 -49.9 4.5 -25.2 -21.4 3.8
(-67.8,-40.9) (-61.0,-38.8) (-11.8,20.7) (-30.0,-20.4) (-25.3,-17.6) (-2.0,9.6)
Not high-in 19.9 11.8 -8.1 9.7 5.4 -4.3
(6.4, 33.4) (0.0, 23.6) (-24.5,8.3) (2.6, 16.8) (-0.2, 11.0) (-12.5,3.9)
Total -37.3 -35.9 1.4 -8.9 -8.0 0.9
(-60.6,-14.1) (-55.2,-16.6) (-26.8,29.7) (-14.0, -3.8) (-12.0, -4.0) (-5.2,7.0)
Foods
Phase 1
High-in -18.2 -17.2 1.0 -10.5 -9.7 0.9
(-24.1,-12.3) (-22.0,-12.4) (-6.3,8.2) (-13.7,-7.4) (-12.1,-7.2) (-2.9,4.6)
Not high-in 1.0 -3.9 -4.9 0.7 -2.2 -2.8
(-5.1,7.1) (-9.5,1.7) (-12.5,2.6) (-2.9,4.2) (-5.2,0.9) (-7.1, 1.5)
Total -19.0 -20.2 -1.2 -5.4 -5.7 -0.2
(-29.2,-8.9) (-28.9,-11.6) (-13.8,11.4) (-8.2,-2.6) (-7.9,-3.4) (-3.6,3.2)
Phase 2
High-in -25.4 -20.6 4.7 -15.5 -11.9 3.6
(-35.7,-15.0) (-29.6,-11.7) (-7.9,17.3) (-20.9,-10.0) (-16.5, -7.3) (-3.0,10.2)
Not high-in 16.7 5.6 -11.0 10.2 3.2 -7.0
(5.0,28.3) (-4.5,15.8) (-25.0, 3.0) (2.5,17.9) (-2.7,9.1) (-15.8,1.8)
Total -12.5 -13.3 -0.8 -3.8 -3.8 0.0
(-31.1,6.1) (-29.2,2.7) (-23.4,21.9) (-9.3, 1.6) (-8.2,0.6) (-6.5, 6.5)
Beverages
Phase 1
High-in -26.9 -21.8 5.1 -45.9 -36.2 9.7
(-31.5,-22.4) (-24.7,-19.0) (-0.5,10.7) (-49.5,-42.3) (-39.2,-33.1) (5.1, 14.3)
Not high-in 1.5 2.1 0.6 3.4 4.7 1.3
(-1.0, 4.0) (-0.0, 4.2) (-2.4,3.6) (-2.5,9.3) (-0.2, 9.6) (-5.8,8.4)
Total -21.0 -20.8 0.3 -21.4 -19.6 1.8
(-25.9,-16.2) (-24.5,-17.1) (-5.7,6.2) (-25.1,-17.8) (-22.4,-16.9) (-2.7,6.3)
Phase 2
High-in -34.5 -28.3 6.2 -63.8 -48.4 15.4
(-40.8,-28.2) (-33.1,-23.5) (-1.6, 14.0) (-68.1,-59.4) (-52.9,-43.9) (9.4,21.4)
Not high-in 3.2 6.7 3.5 7.6 15.4 7.8
(-1.0,7.3) (2.8, 10.5) (-1.6, 8.6) (-2.9,18.1) (5.3,25.4) (-5.2,20.8)

(Continued)
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Table 4. (Continued)

Abs. diff. % diff.
High SES Low SES Low vs. high High SES Low SES Low vs. high
Total -25.6 -23.2 2.3 -27.6 -22.5 5.0
(-32.9,-18.2) (-29.7,-16.8) (-7.0,11.7) (-33.5,-21.7) (-27.5,-17.6) (-2.4,12.4)

Notes: 95% confidence intervals in parentheses. The definition of SES is based on Chile’s Association for Market Research and Public Opinion (Asociacion de

Investigadores de Mercado y Opinion Publica), which is a measure of SES based on a list of goods and services consumed by the household and the education level of the

head of household. Adjusted for seasonality (month dummies), household composition (number of household members by age and sex group), SES (4 categories),

region-quarter unemployment rate, number of public holidays in the month, October 2014 beverage tax changes (pre-post dummy), and unobserved time-invariant
household characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.t004

Table 5. Estimated average absolute and relative changes from the no-policy counterfactual by phase and food group.

Energy Sat. fat Sodium Sugars
(kcal/capita/day) (kcal/capita/day) (mg/capita/day) (kcal/capita/day)
Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff. Abs. diff. % diff.
Phase 1
Breakfast cereals -1.8 -12.1 -0.1 -15.3 -1.5 -18.8 -0.6 -21.4
(-2.7,-0.9) (-17.7,-6.5) (-0.1, -0.0) (-21.8,-8.8) (-2.1,-0.9) (-24.8,-12.8) (-0.8, -0.4) (-27.2,-15.7)
Grain-based desserts -2.6 -10.8 -0.6 -11.9 -1.7 -12.6 -0.7 -10.6
(-3.8,-1.4) (-15.1,-6.4) (-0.8,-0.3) (-16.5, -7.4) (-2.3,-1.0) (-17.1,-8.2) (-1.0,-0.4) (-14.9, -6.2)
Sweets and non-grain-based desserts -1.5 -6.3 -0.3 -10.1 0.0 -0.1 -0.8 -5.8
(-2.4,-0.5) (-10.4, -2.2) (-0.5,-0.1) (-15.3, -4.8) (-0.5,0.4) (-4.9,4.7) (-1.4,-0.2) (-9.9,-1.7)
Meat, poultry, and meat substitutes -2.1 -6.4 -0.4 -4.9 -22.8 -18.3 -0.2 -33.0
(-3.2,-0.9) (-9.8,-2.9) (-0.6,-0.1) (-84,-1.3) (-27.5,-18.2) (-21.3,-15.3) (-0.3,-0.2) (-36.8,-29.3)
Dairy products and substitutes -0.8 -3.6 -0.3 -4.7 -1.9 -12.1 -0.1 -1.5
(-1.7,0.2) (-7.9,0.7) (-0.5,0.0) (-9.8, 0.4) (-2.7,-1.2) (-16.3,-8.0) | (-0.5,0.2) (-6.3,3.2)
Condiments and sauces -0.7 -2.8 -0.2 -7.1 -13.1 -14.7 -0.3 -7.6
(-1.6,0.3) (-6.8,1.3) (-0.3, -0.0) (-12.1, -2.0) (-16.2,-10.0) (-17.6,-11.8) (-0.5,-0.2) (-11.2, -4.0)
Butter and margarine -3.4 -9.4 -1.5 -8.4 -3.9 -10.1 n/a n/a
(-4.8,-2.0) (-12.9, -5.8) (-2.2,-0.7) (-12.2,-4.5) (-5.4,-2.3) (-13.8, -6.4) n/a n/a
Phase 2
Breakfast cereals -1.9 -12.5 -0.1 -9.8 -2.6 -32.5 -0.8 -27.8
(-3.6,-0.2) (-22.5,-2.5) (-0.1, 0.0) (-22.2,2.6) (-3.7,-1.5) (-41.8,-23.2) (-1.1,-0.4) (-37.5,-18.1)
Grain-based desserts -2.1 -8.4 -0.6 -11.8 -1.6 -11.5 -0.6 -8.8
(-4.4,0.1) (-16.4,-0.3) (-1.0,-0.1) (-20.1, -3.6) (-2.8,-0.3) (-19.6, -3.4) (-1.2,0.0) (-16.8,-0.7)
Sweets and non-grain-based desserts -0.9 -4.2 -0.6 -21.1 0.2 1.9 -0.4 -3.1
(-2.5,0.7) (-11.4,3.1) (-0.9,-0.3) (-29.3,-12.8) (-0.6,0.9) (-6.6, 10.5) (-1.3,0.6) (-10.4, 4.1)
Meat, poultry, and meat substitutes -24 -7.7 -0.5 -6.6 -20.9 -17.6 -0.1 -18.3
(-4.5,-0.3) | (-13.9,-1.5) | (-1.0,0.0) | (-13.0,-0.3) | (-29.1,-12.7) | (-233,-11.8) | (-0.2,-0.1) | (-26.2,-10.4)
Dairy products and substitutes -1.5 -7.1 -0.4 -7.9 -4.2 -26.9 -0.2 -3.0
(-3.3,0.2) (-14.9, 0.6) (-1.0,0.1) (-17.2,1.4) (-5.5, -2.8) (-33.4,-20.5) (-0.9,0.4) (-11.5,5.6)
Condiments and sauces 1.3 5.9 0.1 4.2 -15.0 -17.6 -0.4 -8.5
(-0.4,2.9) (-2.0,13.8) (-0.1,0.3) (-5.9,14.2) (-20.3,-9.7) (-22.7,-12.4) (-0.7,-0.1) (-14.8,-2.2)
Butter and margarine -4.1 -11.3 -1.5 -8.5 -8.4 -23.0 n/a n/a
(-6.8,-1.5) (-17.7,-4.8) (-2.9,-0.1) (-15.7,-1.3) (-11.2,-5.7) (-28.8,-17.1) n/a n/a

Notes: Adjusted for seasonality (month dummies), household composition (number of household members by age and sex group), SES (4 categories), head of household

education level (less than high school, high school, more than high school), region-quarter unemployment rate, number of public holidays in the month, October 2014

beverage tax changes (pre-post dummy), and unobserved time-invariant household characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.t005
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Table 6. Estimated average absolute and relative changes from the no-policy counterfactual by phase and beverage group.

Energy Sugars
(kcal/capita/day) (kcal/capita/day)
Abs. diff. % diff. Abs. diff. % diff.
Phase 1
Sodas -8.3 -20.9 -8.0 -20.9
(-10.0, -6.6) (-24.4,-17.5) (9.7, -6.4) (-24.4,-17.4)
Industrialized fruit and vegetable juice -5.9 -54.3 -6.0 -58.5
(-6.7, -5.1) (-57.3,-51.3) (-6.8,-5.2) (-61.3,-55.7)
Dairy-based beverages and substitutes -7.4 -16.0 -4.4 -21.8
(-9.2, -5.5) (-19.3,-12.6) (-5.2, -3.6) (-24.8,-18.7)
Phase 2
Sodas -9.5 -25.9 -9.2 -25.6
(-12.3,-6.6) (-32.0,-19.9) (-12.0, -6.3) (-31.7,-19.5)
Industrialized fruit and vegetable juice -8.2 -66.4 -8.3 -70.2
(-9.7,-6.7) (-70.5,-62.3) (-9.7,-6.8) (-73.9,-66.6)
Dairy-based beverages and substitutes -8.8 -19.2 -4.9 -25.1
(-12.1,-5.5) (-25.1,-13.3) (-6.3,-3.5) (-30.5,-19.7)

Notes: Adjusted for seasonality (month dummies), household composition (number of household members by age and sex group), SES (4 categories), head of household
education level (less than high school, high school, more than high school), region-quarter unemployment rate, number of public holidays in the month, October 2014
beverage tax changes (pre-post dummy), and unobserved time-invariant household characteristics. N = 138,367 household-month obs. (2,842 households).

https://doi.org/10.1371/journal.pmed.1004463.t006

larger percentage changes, especially for beverages, where the average percentage changes in
Phase 1 and Phase 2 go from -20.3% and -24.5% to -23.6% and -29.5%, respectively.

Second, shorter baseline periods led to different patterns of results between foods and bev-
erages. For foods, estimates are broadly consistent across the 36-, 30-, and 24-month baselines,
dropping or reversing (and losing statistical significance) with the 18-month baseline. For bev-
erages, shorter baselines were associated with smaller (but statistically significant) estimates.
These results are driven by larger changes in the estimates for high-in than for non-high-in
foods and beverages (not reported).

The estimates were virtually unchanged without adjusting for the household head’s current
education level, when adjusting for household head’s initial education level, and when using
the 2-part model for the food and beverage subgroup analyses.

Discussion

The second phase of Chile’s law of food labeling and advertising continued the warning label,
child-directed marketing, and school foods policies, tightened nutrient thresholds for foods
subject to these policies, and imposed a daytime ban on all unhealthy food advertisements on
television, regardless of audience. After implementation of this second phase, we observed
declines in purchases of nutrients of concern from food and drinks carrying the warning label
(and thus subject to all regulations), including a 36.8% decline in sugar, 23.0% decline in
energy, 21.9% decline in sodium, and 15.7% decline in saturated fat purchased. The declines in
high-in products purchased were partially offset by increased purchases from not high-in
products. Still, the overall changes resulted in net declines in nutrients of concern purchase
ranging from 8.3% to 20.2%.

The pattern of results suggested that, relative to the counterfactual, declines in purchases of
high-in foods and drinks were larger in Phase 2 than in Phase 1, as would be expected based
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on the stricter nutrient thresholds and daytime marketing ban that begin in Phase 2. At the
same time, there were also larger increases in purchases of not high-in foods and beverages in
Phase 2 than in Phase 1, resulting in a partial attenuation of decreases in total nutrient pur-
chases (e.g., for total calories). It was also interesting to note that in Phase 1, reductions seemed
driven by a large immediate drop in nutrients of concern (likely due to reformulation and how
the data were linked), whereas in Phase 2, there were larger changes over time, possibly repre-
senting behavioral shifts. Future research should investigate the extent to which declines in
nutrients of concern were driven by reformulation versus behavioral change, as well as
whether these purchasing shifts (i.e., the reduction of high-in foods, increase in not-high-in
foods, and moderate decrease in overall nutrients of concern) translate into changes in dietary
quality (e.g., type and nutrient density of foods consumed).

We observed differential results for foods versus beverages across policy periods. For exam-
ple, while declines in total energy were similar for foods and beverages in Phase 1, in Phase 2,
the estimated overall decline for beverages was nearly double that of foods. This difference is
attributable to a larger drop in high-in purchases and a smaller compensation in not-high-in
purchases for beverages compared to foods. With regard to total sugar, there was essentially no
change in sugar from food purchases in either phase, whereas the decrease in sugar calories
from beverage purchases was sizeable in both Phases due to the large drop in high-in bever-
ages. These results are surprising given that foods were much more affected by stricter nutrient
thresholds introduced in Phase 2 (e.g., the sugar threshold for foods went from 22.5 g/100 g in
Phase 1 to 15 g/100 g in Phase 2, whereas for beverages, the sugar threshold dropped only
from 6 g/100 ml in Phase 1 to 5 g/100 ml in Phase 2).

There are several explanations for the differential results on sugar and energy for foods ver-
sus beverages. For one thing, potable water is widely available in Chile, offering a clear substi-
tution for high-in beverage purchases, whereas for foods, presuming people’s purchases of in-
store purchases (versus away-from-home foods) remains stable, substitution to other packaged
foods (i.e., non-high-in foods) is necessary. A second likely possibility is that beverages are eas-
ier to reformulate than are foods, since replacing sugar with nonnutritive sweeteners (NNS)
may be more likely to cause issues with texture or taste in food products than in drinks [25-
28]. Although data from Phase 2 are not yet available, data on the Chilean food supply from
Phase 1 showed that NNS use was most prevalent among beverages before the law as well as
the highest absolute increase after the law of any food category [29]. Another evaluation found
that, compared to the counterfactual, purchases of NNS in beverages, but not in foods, also
increased after Phase 1 of the law [27]. Notably, multiple other countries who have imple-
mented warning label laws after Chile’s have also included a warning for the presence of NNS.
It will be important to understand how policy-linked changes in purchases of sugar and NNS
compare in these countries as opposed to Chile, which did not include an NNS warning label,
particularly for beverage purchases.

A second difference between foods and beverages relates to the number of warning labels
on products. Because foods are more nutritionally diverse, they are more likely to be high in
multiple nutrients of concern and thus more likely to contain multiple warning labels. We
observed that among foods, there were decreases in calories purchased among foods that con-
tained 2 or more nutrients of concern, but increases in calories purchased for foods that con-
tained 1 or no nutrients of concern. This suggests that there is a tendency for consumers to
shift purchases away from products with multiple nutrients of concern (i.e., products with
more warning labels) toward those with fewer nutrients of concern (i.e., products with fewer
warning labels), either through changes in consumer behavior (selecting a product with 1 ver-
sus 2 or more labels) or reformulation (companies reducing the nutrient content so as to
reduce the total number of warning labels on the package). In contrast, among beverages, it is
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much more common for products to carry only 1 nutrient of concern, usually on sugar con-
tent. Consequently, we observed calorie reductions for purchases of products with 1 nutrient
of concern. Taken together, the results suggest an overall shift from products with more versus
fewer nutrients of concern: For foods, the shift is from products with multiple nutrients of
concern to those with fewer nutrients of concern, whereas for beverages, the shift is from prod-
ucts with a single nutrient of concern to those with no nutrients of concern.

A third difference between foods and beverages is that the policies were associated with
important declines in sodium purchases from foods, whereas for beverages, we did not analyze
sodium because so few products were high in them. Purchases of sodium from high-in foods
declined by approximately 74 mg/sodium/capita/day, or a nearly 20% relative reduction, and
these decreases led to a net reduction of 64 mg/capita/day of total sodium purchases from
foods. Sodium reductions occurred across every food group except sweets and other desserts
and were particularly sizeable for meat, poultry, and meat substitutes, condiments and sauces,
and butter and margarine. These results are encouraging, considering that Chile is one of only
5% of the 194 WHO member countries to achieve the highest score for sodium reduction poli-
cies, which includes having at least 2 mandatory policies, all WHO sodium-related “best buy”
practices, and sodium declarations on packaged foods [30]. Our results suggest that such poli-
cies lead to reductions in sodium purchases, though more research is needed to understand
how these changes translate to achieving dietary targets for sodium in the Chilean population as
well as subsequent sodium-related health benefits such as reduction of high blood pressure and
cardiovascular disease. Overall, the results across sugar, sodium, and saturated fat highlight the
need to include both foods and beverages in policies in order to reduce nutrients of concern.

The results that low-SES households reduced purchases of nutrients of concern after policy
implementation were consistent with other data from our evaluation. Our focus group data
found that low-SES parents paid attention to, understood, and used the warning labels [8,31].
In addition, a recent study found that during Phase 1 of the policy implementation, there were
no price changes for high-in or not-high in foods [32]. Such price changes, for example, if not
high-in-food prices increased as the result of companies passing on the cost of reformulation,
could have dampened the effect among low-SES households who tend to be more price sensi-
tive. Instead, the lack of price changes likely increased low-SES parents’ ability to attend to and
incorporate information from the warning labels into their decision-making. However, a key
limitation of our current study is that it did not include data after June 2019, a period which
was marked by Chilean social unrest, food supply chain volatility, global food price inflation,
and the COVID-19 pandemic and lockdowns, events that could have blunted the effect of the
policies in low-SES households. Our qualitative data from 2021 suggested that even though the
labels helped parents understand which foods were healthy versus unhealthy, low-SES parents
were struggling to choose the healthy options due to cost [31]. Thus, more research is needed
to understand the ways in which marketing, labeling, and school foods policies intersect with
food prices, particularly during times of economic instability and global food price increases.
Moreover, it is important to recognize that price remains a top driver of food choice, particu-
larly for income-constrained households, and marketing and labeling policies to disincentivize
unhealthy food choices may have limited effect if not implemented alongside policies that
increase affordability or availability of healthier food choices.

Limitations

This study had important limitations. One limitation is that the educational attainment of
households increased over time more so than did the national sample, likely due to increases
in education of panelists and the higher education of new panelists who joined the sample over
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time. Although education is included in our analytical models, we cannot rule out the possibil-
ity that increased education may have partially contributed to reductions in purchases of high-
in foods over the study period.

Another limitation is that while the construction of a counterfactual allowed us to compare
observed purchases in the post-policy period to what would have happened in the absence of
the policy, decisions about how to create the counterfactual are somewhat arbitrary and can
influence results. For example, we did not have nutrition data collected from supermarkets for
2013 to 2014 and thus relied on a combination of 2015 nutrition data for those years and data
from the Mintel New Products Database. While some data suggest that the nutrient content of
the Chilean food supply was stable during 2015 to 2016 [33] (the year prior to the law’s imple-
mentation), we cannot be sure if this was true in 2013 to 2014, which may have also affected
the counterfactual. Sensitivity analyses revealed that results were sensitive to the length of the
baseline period, with the shortest time period (18-month baseline) associated with smaller
(and no longer statistically significant) reductions in total calories from foods, and shorter
time periods (30-, 24-, and 18-month baselines) associated with gradually smaller (albeit statis-
tically significant) reductions in total calories from beverages. Because these differences could
reflect a number of factors (actual trends in food purchases but also potential changes in data
collection procedures and sociodemographic characteristics of the panel over time, as well as
the lack of quality nutrient data before 2015), it is impossible to say for certain the extent to
which the shorter versus longer baseline period should be preferred.

More broadly, the collection of nutrition data occurred only once per year, and we updated
the linkage between nutrition data and purchases data once annually, which can influence the
timing for which reformulation affects the nutrient content of purchases (either earlier or later
than the product was really reformulated and available for purchase). This may have resulted
in an overestimation of effect, since we used data collected later to link to earlier purchases in
the same policy window (e.g., nutrition information from Q1 of 2019 was preferentially
applied to purchases made from July 2018 to December 31, 2018). We also provide a more in-
depth comparison of current findings with our team’s previous findings in S2 Appendix [10].

Lastly, we could not evaluate changes in food purchases during Phase 3 of the Chilean law
as originally planned. Phase 3 was implemented in June of 2019. In the following year, the
food supply and food purchasing behaviors were severely impacted by national protests in
October to December 2019 and lockdowns due to the onset of the COVID-19 pandemic, mak-
ing it impossible to analyze purchasing trends during this period. However, the results in this
study are likely similar to what we would have observed during Phase 3. Although the nutrient
thresholds became slightly stricter in Phase 2, there was only a 2% increase in the prevalence of
high-in products, and there were no other substantive policy changes during this time. Of
course, we cannot rule out other changes that could have occurred during Phase 3 (e.g., more
consumer fatigue), but generally, the results presented here for Phase 2 are likely to represent
the full implementation of the Chilean law.

Conclusions

After the second phase of implementation of the Chilean Law of Food Labeling and Advertis-
ing, compared to a counterfactual constructed from trends during a 36-month pre-policy
timeframe, we observed significant decreases in high-in purchases of foods and beverages dur-
ing Phase 2, including a relative 36.8% reduction in sugar, a 23.0% relative reduction in energy,
a21.9% relative reduction in sodium, and a 15.7% relative reduction in saturated fat. Decreases
were partially offset by increases in not high-in purchases, but there was still a significant
decrease in total nutrients of concern purchased during Phase 2. Moreover, the pattern of
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results suggested bigger declines in purchases of high-in foods and bigger increases in pur-
chases of not high-in foods in Phase 2 than in Phase 1, suggesting sustained or even increasing
effects of the policy over time. Reductions in sugar and energy were driven by beverage pur-
chases, whereas reductions in sodium and saturated fat were driven by foods. The pattern of
declines in purchases was similar for households of lower versus higher SES. However, results
must be interpreted with caution due to the sensitivity of findings to different model specifica-
tions, such as the length of the pre-policy timeframe that was used to create the post-policy
counterfactual. Future research will be needed to replicate these findings as well as to under-
stand whether and how purchasing shifts translated to changes in dietary quality and health.

Supporting information

S1 Table. Sample exclusion criteria and number and percent of observations per exclusion
criterion at the purchase and household-month levels. Notes: 1. In February 2017, Kantar
Worldpanel (KWP) switched from calendar months to custom production periods running
from the last week of a month to the last week of the following month to compile purchase rec-
ords. As a result, purchase records were allocated to both the first and second production peri-
ods of 2017. To identify the duplicated records, KWP modified their purchase date year to
1997. Since we aggregated data at the household-calendar month level, these records were
removed so as not to double-count them. 2. Bulk products were excluded due to lack of prod-
uct-specific information (e.g., weight, barcode) allowing for linkage to nutrition facts panel
data. 3. Across data years, between 93.4% and 95.7% of all zero-price non-bulk purchases were
reported as gifts. As a proportion of total non-bulk purchases, the prevalence of these pur-
chases has been relatively constant, ranging from 1.5% to 3.4% by data year. 4. Including pur-
chases of the only product that was recategorized as a snack upon the introduction of this
category, based on a search of snack barcodes in other categories. 5. 5,252,524 after aggregating
at the household-day-product level. After all exclusions were implemented, a further 453
household-day-product observations were dropped because the calendar month of the pur-
chase was the month preceding the household’s first production period, as households newly
added to the panel after the production period change mentioned in Note 1 begin contributing
data at the end of their first calendar month rather than at the start. 6. Another 24 household-
month observations were excluded from the estimation sample because of missing administra-
tive region, which meant that the regional unemployment rate, which is included in the mod-
els, was missing for these observations.

(DOCX)

$2 Table. Comparison of the 2017 weighted sample to 2017 population estimates for
urban households from the Census or the CASEN survey. Sources: Census 2017 and CASEN
2017. CASEN (Chile Encuesta Nacional de Caracterizacion Socio-economica) is a nationally
representative household survey conducted by Chile’s statistics office to provide official statis-
tics on a range of topics. Notes: 1. Observations are at the household-month level. 2. Source:
CASEN. 3. Source: Census. The number of urban households underlying the Census percent-
ages were calculated by multiplying the total number of households by the proportion of indi-
viduals living in urban areas by region. CASEN estimates show that household size is similar
in urban and rural areas nationwide (means [standard errors]: 3.07 [0.01] and 3.08 [0.02],
respectively), so the overall proportion of individuals living in urban areas is a good approxi-
mation of the overall proportion of urban households. Although there may be regional differ-
ences in household size between urban and rural areas, CASEN estimates also show that there
is little variation in household size by broad economic region among rural households. 4.
Source: CASEN. CASEN percentages do not sum to 100 because of missing values. 5. Source:
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