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Abstract

Background: Processed discretionary foods and drinks (industrialized sugary drinks, sweet and
savory snacks, and grain-based sweets) are often target of policies aimed at regulating the food
environment. We aimed to understand if a lower intake of processed foods or drinks is associated
with substitution or complementation patterns and overall intake.

Methods: We analyzed a subsample with two 24-hr dietary recalls of the Mexican National
Health and Nutrition Survey 2012 (358 children, 253 adolescents, and 278 adults). We compared
within-person, energy and added sugar intakes between days with and without consumption of
each food group with fixed-effects regressions. We estimated the relative change (change in intake
when not consumed / average intake when consumed *100)

Results: Processed discretionary foods were not fully substituted, as total energy was 200 to 400
kcal/d lower when these foods were not consumed. The change in total intake was larger than

the intake when consumed (i.e., complemented) for industrialized sugary drinks in adolescents
(—136%) and adults (-215%), and sweet, savory snacks for children (-141%). The change was
lower (i.e., partially substituted) for grain-based sweets among children (-78%) and adolescents
(=73%). For added sugars, most processed discretionary groups were complemented.

Conclusions: Days without intake of processed discretionary foods were associated with lower
total energy and added sugar intake compared to days when those discretionary foods were
consumed. This suggests that regulatory policies to reduce the intake of processed foods could
have a meaningful impact on improving overall diet.

Graphical Abstract

Corresponding autor: Ana Basto-Abreu (ana.basto@insp.mx).

Authorship

CB, TBG, ABA, conceptualized the study design, aims and interpreted the data; CB performed the statistical analysis; CB drafted the
first version of the manuscript; CB, TBG, ABA, revised the manuscript; all authors read and approved the final manuscript.

Conflict of interest
The authors declare they have no conflicts of interest.

Ethics statement
The survey protocol was reviewed and approved by the Ethics Committee of the Mexican National Institute of Public Health.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Batis et al.

Page 2

Comparing two 24-dietary recalls within-subjects, not consuming processed discretionary food
and beverages is associated with lower energy and added sugars, because these are not substituted.
These results suggest that policies regulating processed discretionary food and beverages could
reduce total energy and added sugars intake.
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INTRODUCTION

Sugary drinks and nonessential energy-dense foods (often termed “discretionary food” or
“junk food”) are major sources of calories and added sugars with little or no nutritional
value. Systematic reviews have shown an association between the intake of sugary drinks
and energy-dense foods with weight gain, metabolic syndrome, and diabetes =7). Despite
the harms, the consumption of discretionary foods/drinks, such as sodas, bottled fruit drinks,
salty snacks, breakfast cereals, biscuits, pastries and sweets, is increasing in most regions,
especially in middle-income countries (:9). In Mexico processed (and usually packaged)
discretionary foods and sugary drinks account for 20% of the total energy intake and 62% of
added sugar intake (19). International recommendations advocate for the implementation of
policies to reduce unhealthy eating to improve population health (11),

In Mexico, several policies such as regulation of school’s food availability, taxes, and
front-of-package warning labels, have been implemented to decrease the intake of unhealthy
products. The nutrient criteria and definitions of the drinks and foods regulated by each
policy differ, but consistently, processed discretionary foods and sugary drinks are at the
core of these policies (12-15), Although there are other several unhealthy foods such as
homemade sugary drinks and desserts, these are not subject to regulatory policies. The
effect of policies targeting unhealthy or discretionary processed foods and drinks on overall
dietary intake is influenced by the substitution and complementation patterns that occur
when decreasing the targeted food/drink group. Substitution is the dietary adjustment that
occurs when the consumption of a food or drink is reduced or eliminated, but another food
or drink is eaten instead (16). Full substitution occurs when the reduction in consumption

is completely offset by the substitute; partial substitution occurs when only some of the
calories are substituted. Complements are foods that are eaten in combination with target
foods/drinks. For example, sugary drinks intake has been associated with the intake of
energy-dense food, but not with vegetables (7). If the intake of target food/drink food group
is decreased, then its complements might also decrease. Thus, the net effect of reducing a
target food/ drink on total energy or nutrient intake will be the result of the reductions in the
target product, its complements, and the reactive adjustment of intake through substitutes.
A previous cross-over experimental study assigned to 15 subjects a liquid load (450 kcal of
soda) for 4 weeks and a solid load (450 kcal of jelly beans) for another 4 weeks (8). The
rest of the dietary intake was ad libitum. Comparing to the non-load periods, they found that
during the soda load both the total intake and the ad libitum intake were higher and that
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subjects not only did not make substitutions or reduced the intake of other foods/beverages,
but they actually ate more (e.g., complemented). The total intake with or without the solid
load was similar suggesting full substitution.

Given that processed discretionary foods and drinks are often target of policies aimed

at reducing the intake of total energy and/or harmful nutrients such as added sugars,

it is of interest to understand in free-living individuals, outside experimental conditions,
if the reduction of processed discretionary foods and drinks leads to substitution and
complementary changes. An approach to gain insight of these behaviors, even if causality
cannot be established, is to identify how individuals change their eating behavior and total
intake between the days in which they do not consume and the days they do consume

(or the days in which they consume more or less) these target products. Previous studies
using this approach have reported that an increase of a ~230g serving of sugary drink
was associated with an increase of ~100 kcal in total energy intake (19:20), Other studies
conducting within-person comparisons between repeated recalls of the same individual
found that when individuals consumed pizza (21, or at fast-food restaurants (22), the total
energy intake increased by ~ 200 kcal, suggesting these are not fully substituted.

When identifying substitution and complementation patterns associated with the intake of
processed food groups, it is of interest to understand the association with total energy intake,
(regardless of the source of the substitution), and total sugars due to the potential outcomes
on body weight and effect on quality of diet, respectively. In this study, we analyzed a
subsample of individuals with two 24-hr recalls from the 2012 National Health and Nutrition
Survey (ENSANUT). We used fixed effects regression to estimate the relation between
within-person changes in consumption of processed discretionary food/drink categories and
changes in total energy and added sugar intake.

METHODS

Participants

The ENSANUT 2012 is a cross-sectional, multi-stage probabilistic survey representative

of the Mexican population. It was conducted between October 2011 and May 2012. The
survey measures the health and nutrition status of the Mexican population and monitors
trends across time.(23) Informed consent was obtained from each subject or parent/guardian.
The survey protocol was reviewed and approved by the Ethics Committee of the Mexican
National Institute of Public Health.

Dietary intake assessment

Dietary intake was collected with a 24-hour recall in 10,886 participants, and a second
recall was applied in a random subsample of ~9% (n=981). We included non-pregnant non-
lactating subjects =1-year-old of the subsample with two recalls and excluded 30 subjects
with extreme energy intake (outside £3 SD of the log-energy intake/energy requirements
ratio). Our analytic sample size consisted of 889 participants, including 358 children (1—9
years old), 253 adolescents (10—19 y old), and 278 adults (=20 years old).

J Hum Nutr Diet. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Batis et al.

Page 4

Dietary 24-hr recalls were collected in person by trained interviewers using a multiple
five-pass probing method. Interviewers recorded the types and amounts of all food items
consumed. To estimate the quantity of food consumed, interviewers used scales (if a

food similar to the one consumed was available in the household) or common household
measuring items such as spoons and cups. Respondents, particularly those younger than 15
years, were assisted by the person who cooked and prepared their meals in the household.(24)
Dietary recalls were collected in all days of the week (including the weekend). The second
24-hr recalls were obtained in-person on nonconsecutive days (average of 2.4 days) after the
first recall.

Food group classification

To define the processed discretionary groups, we followed the definition of the taxes
implemented in Mexico starting in 2014 (after survey’s data collection). The sugary drinks
tax covers all industrialized water-based non-alcoholic beverages (including concentrates
and powders) with added sugar. The food tax covers non-essential foods with an energy
density =275kcal/100g, such as chips and snacks, candies and sweets, chocolate, puddings,
peanut and hazelnut butter, ice-cream, ice-pops, ready-to-eat cereals, and baked goods with
added sugar. We divided processed discretionary groups into three groups: 1) industrialized
sugary drinks (e.g., soft drinks, sports drinks, flavored drinks, juices with added sugar), 2)
sweet and savory snacks (e.g., chocolate, candies, ice cream, sorbets, spreads, jellies, chips,
salted peanuts, and popcorn), and 3) grain-based sweets (e.g., pastries, sweet bread, cakes,
cookies, cereal bars, and ready-to-eat cereals).

To assess whether substitution and complementation patterns were unique to discretionary
processed foods or could be observed in other food groups, we also analyzed the remaining
of the diet (classified into 19 food groups) (see Supplemental Tables 1-3).

Energy and added sugar intake assessment

We calculated energy intake using the food composition database compiled by the Mexican
National Institute of Public Health, which is based on the USDA Standard Reference
database, product labels, and standard recipes. This food composition table does not include
added sugar; this nutrient was estimated as described by Sanchez-Pimienta, et al. (25).

Statistical analysis

We conducted a descriptive analysis of the food group’s intake in the two 24-hr recalls,
among all and stratifying by age group (1—9 y, 10—19y, and =20 y). For each food group
we calculated the mean daily energy contribution (% kcal) per capita using the subject’s
two-day mean, the percentage of consumers on neither, one, or both recalls, and the mean
daily intake (kcal) separately for those who consumed the food group in one recall versus
both recalls (two-day mean for consumers on both days).

We ran models for the total intake of energy (kcal) and added sugar (g). We fit fixed-effects
linear regression models among all and for each age group to assess intra-individual
differences between the two 24-hour recalls. This model eliminates the effect of time-
invariant observed and unobserved characteristics because it is equivalent to modeling the
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differences between days with consumption vsdays without consumption in each outcome
and exposure variable. For each food group, we ran the following model:

yTI = a + p1 FG + p2 recall sequence + f3 weekend + f4 location + €

Total intake (T1) was the dependent variable (total energy or total added sugar), and the main
independent variable was whether the food group (FG) was consumed or not, with “yes” as
reference, so that the beta coefficient represents the change in total intake from consuming to
not consuming the food group. As the model is fixed-effects, the outcome total intake (T1) is
equivalent to the change in total intake from one day to the other (ATI or Tlgay1-Tlgay2), and
food group (FG) is the change in food group (AFG or FGgay1 - FGday2)-

If the change in total intake was not statistically significant, we assumed the food group
was fully substituted. If it did change (i.e., was lower), we identified if the change in

total intake was due to complementation or partial substitution with other food groups (or
neither substituted nor complemented). We compared the change in total intake when not
consumed from the model above with the 1-day consumers average intake when consumed.
We estimated the relative change (change in intake when not consumed / average intake
when consumed *100) and classified it as follows: complemented if when not consumed
the change in total intake was larger than the intake when consumed (< —120%), neither
substituted nor complemented if it was similar (~ —100%), and partially substituted if it was
lower (> —80%).

All models were adjusted by diet recall sequence (15t or 2™ diet recall), by the day of

the diet recall (weekday or weekend), and by location (all meals consumed at home,

work, school, or transportation vs. at least one meal consumed at restaurant, street, street
stand, or other), as these variables are time-varying and can affect the reported intake. The
food group coefficient reflects the information only from the subjects that had variation
(those that consumed the food group in one of the two days). Yet, we included the entire
sample because all subjects had variation in the covariates and hence contributed to the
adjustment of the coefficient of interest. Finally, we ran equivalent models treating food
group consumption as continuous rather than categorical. Results of continuous models
show the association with reducing one kcal of energy or one g of added sugar in each
food group (instead of changing from consuming to not consuming as in our main models).
Variance estimation in regression models was adjusted considering the clustering at the
primary sampling unit (cluster of households) defined for the multi-stage probabilistic
sampling design of ENSANUT. We performed all analyses in STATA 14 (StataCorp, College
Station, TX).

Table 1 shows that 41% of the sample were children, 28% were adolescents, and 31% were
adults. The mean age for children was 5 years, for adolescents it was 14, and for adults it
was 50 years. More than 60% of the sample lived in urban areas.
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The energy contribution of processed discretionary groups was ~20% kcal across age groups
(5—6% kcal industrialized sugary drinks, 2—6% kcal sweet and savory snacks, and 9—
12% kcal grain-based sweets) (Table 2). Around 1/3 of the sample consumed each of the
processed discretionary groups in one of the two days. The average intake was usually
higher among 2-d consumers vs. 1-d consumers.

Table 3 shows the average intake among 1-day consumers and the change in total intake
associated with changing from consuming to not consuming each food group. We estimated
the relative change for food groups showing a statistically significant reduction in total
intake, otherwise they were fully substituted. For energy intake, we found that adolescents
and adults complemented industrialized sugary drinks. For instance, adolescents consumed
on average 168 kcal/day of industrialized sugary drinks on the day these were consumed,
and not consuming them was associated with 228 kcal/day less (—136%). Thus, the change
in energy intake came not only from not consuming industrialized sugary drinks, but also
from not consuming other complementary items. Also, among adolescents and adults, we
found that sweet and savory snacks were fully substituted. In these cases, the change

in total intake when not consumed was not statistically significant, suggesting that an
equivalent energy content from other sources were consumed instead. Children, on the
contrary, fully substituted industrialized sugary drinks and complemented sweet and savory
snacks. Moreover, we found that children and adolescents partially substituted grain-based
sweets, whereas adults fully substituted these. For example, children consumed on average
335 kcal/day of grain-based sweets on the day these were consumed, and not consuming
them was associated with 262 kcal/day less (—78%). Hence, the intake of other sources was
higher, but not to the point of full substitution.

In the case of added sugar, we found that the change in total intake when not consumed was
-11 to —37 g/day (or —161 to —433%) across all age groups and processed discretionary food
groups. Meaning that in all cases there was complementation, not only a change in added
sugar driven by not consuming the processed discretionary item, but also for not consuming
the added sugar of other complementary sources. The only exception were sweet and savory
snacks among adolescents, which were fully substituted.

In Supplemental Table 2 we present the results for other not processed discretionary food
groups among all subjects. For energy, out of 19 food groups we found complementation
in five and neither substitution nor complementation in two; the remaining were fully
substituted. Total added sugars intake was fully substituted for all food groups, the only
exception were sugar and sweeteners which were neither substituted nor complemented.

Supplemental Table 3 shows the change in total intake associated with a one-unit change
(-1 kcal of energy or -1 g of added sugar) in the intake of each food group. These results
can be interpreted as relative changes. For instance, —1 kcal in industrialized sugary drinks
was associated with —1.22 kcal in total energy intake (total change of —122%). According
to these models, for energy, industrialized sugary drinks were complemented, and sweet
and savory snacks, and grain-based sweets were neither complemented nor substituted.
For added sugars, all processed discretionary food groups were neither substituted nor
complemented. Thus, results were consistent with previous models with the binary
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categorization; processed discretionary food groups were not fully substituted. However, for
other non-processed discretionary food groups, we found that only one (out of 19) was fully
substituted, whereas in the binary model, 12 were fully substituted (Supplemental Table 2).

DISCUSSION

We aimed to identify the association between days with/without intake of processed
discretionary groups and total energy and added sugar intake, and improve our
understanding of their substitution and complementary patterns. We found that most
processed discretionary food groups were not fully substituted, as not consuming them was
associated with less total energy or added sugar intake. The patterns of changes differed

by food group and age group. Industrialized sugary drinks were complemented (adolescents
and adults), but fully substituted in children. In complemented products, the total energy
intake was lower as a result of lowering both the target product and the complements. Grain-
based sweets were partially substituted (children, and adolescents, but fully substituted in
adults). In partially substituted products, the total energy intake was also lower when not
consumed in comparison to when consumed, but in a lower magnitude. Sweet and savory
snacks had a less consistent pattern: complemented among children, and fully substituted
among adolescents and adults.

Our results suggest that when industrialized sugary drinks are not consumed, total energy
intake is lower. Plus, subjects not only do not substitute the intake of industrialized sugary
drinks, but they might also lower the intake of complementary items. The finding that
sugary drinks are not substituted is supported by previous experimental and within-person
observational studies (18-20), These results provide important insight into the estimation
of the potential effectiveness of policies aimed at reducing the intake of unhealthy items.
Previous modeling studies estimating the impact of interventions to reduce sugary drinks
intake have assumed that a part of the reduced energy will be substituted (26:27), |f
policies induce similar changes to the ones observed here, then simulation studies may
have underestimated the total impact on total energy intake and obesity.

We found that the change in total energy intake when not consumed was lower for sweet

and savory snacks, and grain-based sweets than with sugary drinks. Grain-based sweets were
partially substituted implying a lower total energy intake, but snacks had varied results by
age group and in two cases these were fully substituted. Grain-based sweets might serve as

a carbohydrate-rich staple of ordinary main meals. It could be that, given their important
function at meals, they are substituted with other sources, but at the same time they are easy
to over-consume and hence substitution is only partial. While the energy intake is relevant
for weight outcomes, the findings from added sugar are relevant for other chronic diseases
such as diabetes.(?8) We found that the added sugar of all processed discretionary groups was
complemented. Also, the change in total added sugar when the items were not consumed
was much larger for processed discretionary groups compared to non-processed sources of
added sugars (Supplemental Table 2). In this sense, processed discretionary groups are a
better target than other groups for policies aimed at reducing the added sugar intake of the
population, even if all sources of added sugars should be discouraged. For non-processed
homemade sugary drinks, we even found that both the energy and added sugar were fully
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substituted. A possible explanation is that homemade sugary drinks are not substituted
with plain water or other non-caloric beverages, but with other caloric beverages including
industrialized sugary drinks, thus not consuming these was not associated with a change in
total energy or added sugar intake.

It has been reported that solids produce more satiety compared to liquids (8). However,

if we look at our analysis of all food groups, including non-processed discretionary foods,
the pattern of substitution or complementation was not related to the liquid or solid form.
Moreover, in our results, it does not seem to be related to the nutritional composition, energy
contribution to total diet, or the frequency in which it is consumed (e.g., % consuming 1-day
in Table 2 and Supplemental Table 1). Perhaps the associated substitution or complementary
changes have to do more with their meaning and role in dietary habits and the common
substitutes. For instance, industrialized sugary drinks, red meat, fish and seafood, cheese
and yogurt, and sugar and sweeteners, not fully substituted, might be consumed at snacks

or more special main meals, hence their consumption might be more optional and are not
substituted when not consumed.

Substitution patterns might depend on the cultural/culinary role of food groups, but these
might also depend on whether we decide not to consume at all in a day or to lower the
quantity consumed. With food policies, a subject may decide to decrease the frequency of
consumption (i.e. avoid consuming the food item in the entire day) instead of decreasing
the amount. A previous evaluation of the food tax in Mexico found that the decrease in
household purchases after the tax implementation was driven largely by reductions in the
probability of purchases and less in the amount purchased (29). In our main analysis, we
observed important substitutions comparing days in which food and beverages were not
consumed. To understand the substitution patterns for each unit of change (e.g. -1 kcal

or —1 g of added sugar), we ran the models using a continuous measure of consumption
(Supplemental Table 3). Most food groups (processed or non-processed) were not fully
substituted, suggesting that small changes in consumption that free-living individuals make
in the amount consumed across days may not lead to clear substitution patterns. An
important consideration of our results with categorical food group consumption, is that this
applies only to the subjects that consumed the food group in one of the two days of recall,
as subjects that did not show variation (did not consume the food group in either of the two
days or consumed it in both days) do not contribute to the estimation of the coefficient of
interest in the fixed-effects model. Likely, substitution or complementation results may differ
among “light” or “heavy” consumers.

Our analysis has several limitations and strengths. Our models might not represent the
substitution and complementation effects over longer term periods, but as other similar
analyses with repeated recalls, these models are useful to get the association with total
energy intake for specific food groups (19-22.30-32) QOther limitations exist inherent to
self-reported dietary intake measures. However, important efforts to reduce the degree

of measurement error were conducted in the ENSANUT 2012. The use of the multiple
five-pass probing method improves precision and limits the number of omitted items (33).
Another strength of using the ENSANUT survey is that study population came from a
nationally representative sample. Additionally, conducting two recalls in this subsample is
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an important strength. Both recalls were collected in person increasing the comparability;
and having two recalls enabled us to use fixed-effects models to perform within-person
comparison, eliminating all unmeasured person-specific bias. Yet, two recalls were collected
in a subsample, thus our sample size and ability to stratify by finer age groups were limited.

In sum, this study provides insights into the complexity of eating behaviors, where
substitutes and complements play an important role. Our findings suggest that not
consuming processed discretionary foods and drinks is associated with lower energy and
added sugars, because these are not substituted. Processed discretionary foods and sugary
drinks are common targets of food policies, and thus it is relevant to learn about their role in
the total energy and added sugar intake of the population.
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Key points:

. Not consuming processed discretionary food and beverages is associated with
lower energy and added sugars.

. Substitution patterns depends on age and food groups.

. Industrialized beverages were generally complemented; when not consumed,
not only the energy from beverages was lower but also from complementary
food.

. Our results suggest that policies regulating processed discretionary food and

beverages could reduce total energy and added sugars intake.
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