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Abstract

Objective: To identify the energy contributions of NOVA food groups in the
Mexican diet and the associations between individual sociodemographic
characteristics and the energy contribution of ultra-processed foods (UPF).
Design: We classified foods and beverages reported in a 24 h recall according to
the NOVA food framework into: (i) unprocessed or minimally processed foods;
(i) processed culinary ingredients; (iii) processed foods; and (iv) UPF. We
estimated the energy contribution of each food group and ran a multiple linear
regression to identify the associations between sociodemographic characteristics
and UPF energy contribution.

Setting: Mexican National Health and Nutrition Survey 2012.

Subjects: Individuals >1 years old (1 10 087).

Results: Unprocessed or minimally processed foods had the highest dietary energy
contribution (54-0% of energy), followed by UPF (29-8%), processed culinary
ingredients (10-2%) and processed foods (6:0%). The energy contribution of UPF
was higher in: pre-school-aged children v. other age groups (3-8 to 12-5 percentage
points difference (pp)); urban areas v. rural (5-6 pp); the Central and North regions
v. the South (2-7 and 8-4 pp, respectively); medium and high socio-economic status
v. low (4-5 pp, in both); and with higher head of household educational level v.

K d
without education (3-4 to 7-8 pp). eYWD‘I)(I)'VIS\
Conclusions: In 2012, about 30% of energy in the Mexican diet came from UPF. Uttra-processed foods
Our results showed that younger ages, urbanization, living in the North region, Mexico

high socio-economic status and high head of household educational level are
sociodemographic factors related to higher consumption of UPF in Mexico.

Sociodemographic characteristics
Energy contribution

Ultra-processed foods (UPF) tend to be high in refined
sugars, sodium and fats (saturated and trans)™. Therefore,
their consumption has been identified as one factor related
to the obesity and chronic non-communicable diseases
pandemic®?. In order to study the role of industrial food
processing in the nutritional transition, the NOVA food
framework has been proposed as a new approach to
classify all foods and beverages into four groups according
to the nature, extent and purpose of their processing:
(1 unprocessed or minimally processed foods; (i) processed
culinary ingredients; (iii) processed foods; and (iv) UPF'?,
The NOVA food framework defines unprocessed or mini-
mally processed foods as parts of plants or animals that have
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not undergone any industrial processing nor have they been
altered in ways that add or introduce any substance, but
may involve the removal of inedible or unwanted parts of
the food"®. Processed culinary ingredients are substances
extracted and purified by industry from food constituents or
obtained from nature for the purpose of being used to
prepare foods (e.g. salt, sugar and oils)*®. Processed foods
are products manufactured by adding sugar, oil, salt and
other culinary ingredients to minimally processed foods to
make them more durable and usually more palatable?.
UPF are industrial formulations ready to be consumed, that
are manufactured from five or even more ingredients
commonly used in food processing industries such as
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substances derived from foods (e.g. oils, fats, sugar, casein,
lactose, whey and gluten) or synthesized from other organic
sources (e.g. hydrogenated or interesterified oils, soya pro-
tein isolate, maltodextrin, inverted sugar and high-fructose
corn syrup), preservatives and additives (e.g. humectants,
emulsifiers, solvents, bulking agents, non-sugar sweeteners,
colourings and flavourings)'?.

Studies conducted with this new framework indicate that
dietary patterns based on meals and dishes prepared from
unprocessed or minimally processed foods and processed
culinary ingredients have been replaced by those that are
based on UPFY7_ Factors driving this development
are market deregulation(ls) , transnational food industries™®,
fast-food chains®®, marketing(zn, urbanization, increased
proportion of women employed outside the home and
economic growth®?. Furthermore, this dietary change is no
longer affecting high-income countries only, but middle- and
low-income countries as well %,

In the last decade, a growth rate of 29:2% in the sale of
UPF placed Mexico as the number one retailer of these
products in Latin America, and the number four among
eighty countries around the world?®. Along with this
increase, there was a parallel increase in the prevalence of
high BMI in adults®®. In Mexico, overweight and obesity
are a serious public health problem. In 2012, the prevalence
of overweight and obesity was 9:7% among children
<5 years of age, 34-4% in school-aged children, 35-0% in
adolescents and 71-3% in adults**.

The Pan American Health Organization has suggested
that strategies focusing on reducing the consumption of UPF
can contribute to the control and prevention of overweight
and obesity'®. To achieve this purpose, these strategies
need to be relevant to the social context of the population.
However, the main drivers involved in the consumption of
UPF in Mexico are unknown. Therefore, our aim was to
identify the energy contributions of the four NOVA food
groups and the associations between sociodemographic
characteristics and the energy contribution of UPF to total
energy intake in the Mexican population.

Methods

Data source and study population

The data analysed in the present study came from the 2012
Mexican National Health and Nutrition Survey (ENSANUT
2012) conducted between October 2011 and May 2012. The
ENSANUT 2012 is a probabilistic population-based survey
with a complex multistage and stratified sampling process,
representative at national, regional and state levels, and
in urban and rural areas. A detailed description of the
design strategy is available elsewhere®®. The survey was
approved by the Research, Biosafety, and Ethics Commit-
tees of the National Public Health Institute in Cuernavaca,
Mexico, and written informed consent was obtained from
each participant before information was collected.
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Dietary information was collected through a 24 h recall
from a sub-sample of 10886 participants (~11% of the
total ENSANUT 2012 sample). For the present study, we
excluded pregnant and lactating women (72 154), children
<1 year old (# 411) and breast-fed children >1 year
old (n 107), as well as participants with incomplete
sociodemographic information (n# 4). Subsequently, we
also excluded participants with extreme energy intakes
(1 123), which were defined as those values below —3 sp
and above +3 sp the median according to the ratio of daily
energy intake to estimated energy requirements>”. Thus,
our final sample included 10087 participants.

Dietary intake and food classification according
to NOVA

Dietary intake was obtained by trained interviewers through
a 24h recall with a multiple-pass method and collected
between Monday and Sunday in order to capture the intake
variability between weekdays and weekends'””. Respon-
dents, particularly those younger than 15 years, were assisted
by the person who cooked and prepared their meals in the
household. Participants could report their intake from the
previous day as: (D individual foods; (i) custom recipes
(individual ingredients that make up the recipe as reported
by participants); and (i) standard recipes (sets of default
ingredients that make up a recipe when the informer was not
able to provide one). For the present analysis, food recipes
were disaggregated into their ingredients.

We classified all foods and beverages reported in the
24h recall into four groups according to NOVA food
framework: (i) unprocessed or minimally processed foods;
(i) processed culinary ingredients; (iii) processed foods;
or (iv) UPF'®_ In each of the four NOVA food groups,
we also classified foods into subgroups based on their
nutritional and cultural characteristics. We calculated the
total energy intake (mean consumption) and the energy
contribution (percentage of total energy intake) from
each NOVA food group and subgroup using the food
composition database compiled by the Center for Nutrition
and Health Research of the Mexican National Institute of
Public Health, which is primarily based on the US
Department of Agriculture Standard Reference database,
product labels and standard recipes (unpublished results).

Sociodemographic characteristics

Information on sex, age, residence area, region, socio-
economic status (SES) and head of household educational
level was collected by a team responsible for the collection
of health and household information in ENSANUT 2012,
using a structured questionnaire(%) . Age groups were
classified as pre-school-aged children (1-4 years old),
school-aged children (5-11 years old), adolescents (12-19
years old) and adults (>20 years old). Residence area was
defined as rural (locations with <2500 inhabitants) and
urban (locations with >2500 inhabitants). Geographical
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regions were divided into: South (States of: Campeche,
Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla, Quintana Roo,
Tabasco, Tlaxcala, Veracruz and Yucatdn); Central (States
of: Aguascalientes, Colima, Estado de México, Mexico City,
Guanajuato, Jalisco, Michoacan, Morelos, Nayarit, Queré-
taro, San Luis Potosi, Sinaloa and Zacatecas); and North
(States of: Baja California, Baja California Sur, Chihuahua,
Coahuila, Durango, Nuevo Leén, Sonora and Tamaulipas).
Based on a well-being condition index estimated by prin-
cipal component analysis, which included household
characteristics and basic goods and services (e.g. building
materials of floor, walls and roof, availability of public
sanitary sewer system, public water network connected to
household, electricity, motor vehicle, television, computer,
refrigerator, etc.), participants were classified into tertiles of
SES as low, medium and high®”. Head of household
educational level was classified according to the maximum
degree of studies as without education, elementary educa-
tion, middle school education, high school education and
college graduate education.

Statistical analyses

We estimated the distribution of sociodemographic
characteristics to describe the study population. For each
participant, we estimated the energy contributions from the
four NOVA food groups and their subgroups. Then, we
estimated the mean energy contribution from the four
NOVA food groups of the whole sample and stratified it by
sociodemographic characteristics: sex, age group, residence
area, region, SES and head of household educational level.
To assess the association between the energy contribution
of UPF and sociodemographic characteristics, we ran a
multiple linear regression model with energy contribution
of UPF as the dependent variable and sex, age group,
residence area, region, SES and head of household educa-
tional level as the independent variables. In the case of
educational level, we used head of household educational
level because children and adolescents have not completed
their education. For adults, we compared a model with
head of the household educational level and a model with
adult’s educational level and found a similar trend; hence,
for consistency, we used head of household education in all
participants. A P value < 0-05 was considered significant. All
analyses were performed with the statistical software
package Stata version 12.0, using the survey prefix com-
mand (svy) for complex surveys.

Results

We analysed information from 10087 participants who
represent 111276088 Mexicans at the national level. Char-
acteristics of the study population are presented in Table 1.
In our sample, 50-5% of the participants were females,
61-8% were adults, 73-0% lived in urban areas, 48-7 % were
from the Central region of the country, 37-6 % had a high SES
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Table 1 Sociodemographic characteristics of the Mexican popu-
lation (n 10087), 2012 Mexican National Health and Nutrition
Survey (ENSANUT 2012)

Characteristic %
Sex

Male 49.5

Female 505
Age group*

Pre-school-aged children 7-6

School-aged children 16-1

Adolescents 14.5

Adults 61-
Residence areat

Rural 27-0

Urban 730
Regiont

South 316

Central 487

North 19-8
Socio-economic status§

Low 304

Medium 320

High 376
Head of household educational level

Without education 10-0

Elementary education 41-6

Middle school education 241

High school education 14.2

College graduate education 101

*Pre-school-aged children: aged <5 years; school-aged children: aged 5-11
years; adolescents: aged 12—19 years; adults: aged >20 years.

tRural: <2500 inhabitants; urban: >2500 inhabitants.

1South states: Campeche, Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla,
Quintana Roo, Tabasco, Tlaxcala, Veracruz and Yucatan; Central states:
Aguascalientes, Colima, Estado de Meéxico, Mexico City, Guanajuato,
Jalisco, Michoacan, Morelos, Nayarit, Querétaro, San Luis Potosi,
Sinaloa and Zacatecas; North states: Baja California, Baja California Sur,
Chihuahua, Coahuila, Durango, Nuevo Leén, Sonora and Tamaulipas.
§Tertiles of an index based on household characteristics and basic goods
and services.

and 41-6 % lived in a household where the head of the family
had a maximum educational level of elementary school.

Table 2 presents the intakes (mean consumption and
energy contribution) of the four NOVA food groups and
their subgroups. The total energy distribution was 54-0%
from unprocessed or minimally processed foods, 10-2%
from processed culinary ingredients, 6-0% from processed
foods and 29-8 % from UPF. The top two subgroups in each
NOVA group were cor tortillas and red meat (unprocessed
or minimally processed foods), oils and fats, and sweet-
eners (processed culinary ingredients), bread and cheeses
(processed foods) and cookies, pastries and sweet breads,
and carbonated sugar-sweetened beverages (UPF).

Table 3 presents the coefficients from the regression
model, which can be interpreted as the differences in the
energy contribution (percentage of total energy) from UPF
(i.e. percentage points (pp) difference) between the refer-
ence and the other population groups. The energy con-
tribution from UPF was 3-0 to 12:5 pp lower among older
age groups compared with pre-school-aged children; 5-6
pp higher in urban compared with rural areas; 2-7 and 8-4
pp higher in the Central and North regions, respectively,
compared with the South region; 4-5 pp higher in both


https://doi.org/10.1017/S1368980017002129

90 JA Marrén-Ponce et al.

Table 2 Absolute and relative energy contributions from unprocessed or minimally processed foods, processed
culinary ingredients, processed foods and ultra-processed foods in the Mexican population (n 10087), 2012
Mexican National Health and Nutrition Survey (ENSANUT 2012)

Absolute intake (kcal/d) % of total energy intake

Food group/main item within each group Mean SE Mean SE
Unprocessed or minimally processed foods 1020-9 12:2 54.0 04
Corn tortilla 354-6 69 19.0 0-3
Red meat 105-2 54 4.9 02
Milk 81-9 22 4.9 0-1
Cereals (except corn) 89-2 34 4.6 01
Fruits 75-9 26 4.2 0-1
Poultry and game 742 4.4 3:6 02
Beans 58-3 35 31 0-1
Eggs 393 11 23 0-1
Vegetables 371 09 2.0 0-0
Corn 334 24 1-6 0-1
Starchy vegetables 27-8 1.9 14 0-1
Other natural or minimally processed foods* 190 14 09 0-1
Coffee and tea 13-3 07 08 0-0
Seafood 117 1.5 07 0-1
Processed culinary ingredients 2029 4.9 102 02
Oils and fats 134-1 39 6-5 0-1
Sweeteners 62-1 2.9 33 0-1
Other processed culinary ingredientst 67 1.0 04 0.0
Processed foods 1207 4.8 6-0 02
Bread 46-8 22 27 0-1
Cheeses 451 25 22 0-1
Undistilled alcoholic beverages 19-6 3.0 0-6 0-0
Other processed foodst 92 09 05 0-0
Ultra-processed foods 5787 9.8 298 0-4
Cookies, pastries and sweet bread 1823 5.0 95 0-2
Carbonated sugar-sweetened beverages 777 2.5 4.0 01
Salty snacks 68-4 35 32 0-1
Industrialized tortilla and bread 482 2.9 25 0-1
Other ultra-processed foods§ 437 1.9 2.2 01
Candies and sweets 36-1 1.9 2.0 0-1
Yoghurt and milk-based beverages 30-5 1.3 1.9 0-1
Sausages and other ultra-processed meats 312 1.8 1.5 0-1
Non-carbonated sugar-sweetened beverages 223 11 1.3 0-1
Breakfast cereals 17-8 1.0 1.0 01
Ultra-processed cheeses 105 1.0 05 0-0
Distilled alcoholic beverages 10-0 3.0 0-2 0-1
Total 19232 189 100-0 0-0

To convert to kJ, multiply kcal value by 4-184.
*Nuts and seeds (unsalted), other legumes, dried herbs.

tChicken and beef broth, Mexican mole sauce and condiments.
INuts and seeds (salted), salted, dried or oil-preserved canned fish and meat, canned fruits, vegetables and legumes.
§Baby food, ready-to-eat-meals, ultra-processed culinary ingredients.

medium and high SES compared with low SES; and 3-4 to
7-8 pp higher among those with a head of household with
higher educational level compared with lower. As can be
seen in Fig. 1, the differences in the energy contribution
from UPF across sociodemographic groups were accom-
panied by differences in the energy contribution from
unprocessed or minimally processed foods, whereas the
energy contributions from processed culinary ingredients
and processed foods remained relatively similar.

Discussion
The present study is the first that identifies the energy con-

tributions of the four NOVA food groups and the socio-
demographic characteristics associated with UPF intake in a
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nationally representative sample of the Mexican population.
In 2012, more than half of the energy intake of the Mexican
population came from unprocessed or minimally processed
foods and almost a third of the energy intake came from
UPF. Many sociodemographic characteristics were associated
with the energy contribution of UPF and the differences
between sub-population groups were not only statistically
significant but also considerable in magnitude (2-7 to 12:5 pp
of difference). We found a higher energy contribution from
UPF among pre-school-aged children (v. other age groups);
in urban areas (v. rural areas); the North and Central regions
of the country (v. the South); among those with higher SES;
and in heads of household with a higher educational level.

Compared with other countries that have used 24h
recall, the energy contribution of UPF that we found in
Mexico (29-8% of energy) was higher than in Brazil
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Table 3 Associations* between the contribution of ultra-processed
foods to total energy intake and sociodemographic characteristics
in the Mexican population (n 10087), 2012 Mexican National
Health and Nutrition Survey (ENSANUT 2012)

Ultra-processed foods
(% of energy)

Characteristic B 95% ClI
Sex

Male 0-0 Reference

Female 05 -09, 1.9
Age groupt

Pre-school-aged children 0-0 Reference

School-aged children -3-8 -54, -2.2

Adolescents -3-0 -4.9, —11

Adults -125 -141, -10-9
Residence areaf

Rural 0.0 Reference

Urban 56 42,70
Region§

South 0.0 Reference

Central 2.7 1.2, 41

North 84 6-6, 10-1
Socio-economic status ||

Low 0.0 Reference

Medium 4.5 28,62

High 4.5 25,65
Head of household educational level

Without education 0-0 Reference

Elementary education 1.9 -0-5, 4.3

Middle school education 34 0-8, 6-1

High school education 4.3 11,74

College graduate education 78 4.3, 114
Constant 252 225,278

*Performed with a multiple linear regression model that includes all variables
in the table.

1Pre-school-aged children: aged <5 years; school-aged children: aged 5-11
years; adolescents: aged 12—-19 years; adults: aged >20 years.

FRural: <2500 inhabitants; urban: >2500 inhabitants.

§South states: Campeche, Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla,
Quintana Roo, Tabasco, Tlaxcala, Veracruz and Yucatan; Central states:
Aguascalientes, Colima, Estado de Meéxico, Mexico City, Guanajuato,
Jalisco, Michoacan, Morelos, Nayarit, Querétaro, San Luis Potosi, Sinaloa
and Zacatecas; North states: Baja California, Baja California Sur, Chihuahua,
Coahuila, Durango, Nuevo Ledn, Sonora and Tamaulipas.

|| Tertiles of an index based on household characteristics and basic goods and
services.

(21-5 % of energy)®; similar to Chile (28-6 % of energy)*”;
but lower than in Canada (47-7% of energy)® and the
USA (57-9% of energy)”. Also, the energy contribution of
UPF is higher in the UK (63-4% of energy)®” than in
Mexico. However, the latter study was conducted with
household food expenditure data and is less comparable.
Our results on the association between UPF intake and
sociodemographic characteristics were consistent with
other previously reported findings. Studies in Brazil found
a higher intake of UPF among individuals with a higher
educational level®” among children with mothers with
high educational levels®® and among households with
higher income'®. Similarly, in Chile, the consumption of
UPF tended to increase when the family’s income
increased”. However, in Canada the consumption of UPF
was similar among income groups””’. One possible
explanation is that in Canada UPF might be a cheap source
of energy compared with fresh or minimally processed
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foods; whereas in Latin American countries this might not
be the case. Interestingly, in middle-income countries such
as Brazil, UPF cost more compared with unprocessed or
minimally processed foods®®, whereas in high-income
countries like the UK the price of UPF is lower®”.

Furthermore, the targeting of many foods such as ready-
to-eat cereals, baby foods, juices and dairy drinks to small
children could explain the higher contribution of UPF in
pre-school-aged children compared with other age groups.

In our results, unprocessed or minimally processed
foods contributed more than half of the energy intake. An
important portion of this food subgroup contribution
comes from unpackaged corn tortillas (of the 54:0% of
energy that unprocessed or minimally processed foods
contributed to energy intake, 19-0% of energy was from
corn tortillas). Unpackaged corn tortillas were classified as
unprocessed or minimally processed foods; they are pre-
pared at home or bought ready-to-consume (or re-heated
and consumed) from tortillerias (small tortilla factories). In
either case, these are prepared with corn and lime, or with
corn flour. The ingredients of the main brands of corn
flour only contain corn, lime and micronutrients. How-
ever, there are some brands of corn flour that also contain
additives, and these belong to the UPF category. It was not
possible to identify which brand of corn flour was used,
therefore we classified all unpackaged corn tortillas in the
unprocessed or minimally processed food group, as we
believe this was the case for the majority, but this group
might be overestimated. On the contrary, the majority of
packaged corn tortillas, those that have a brand name and
longer shelf-life, do contain ingredients from the UPF
group and were classified accordingly (although their
energy contribution is very small).

Although the mean energy contribution of UPF was
29-8% of energy, the range of this intake in the Mexican
population is wide. Based on our regression model,
assuming 50-5 % of the population is female, a pre-school-
aged child of high SES with a head of household
with college graduate education, living in an urban area of
the North has an energy contribution from UPF of 51.7%
of energy, whereas an adult of low SES with a head of
household without education living in a rural area of the
South has an energy contribution of 12:9 % of energy; a 38-8
pp difference between these two groups is found.

An important limitation of our analysis is that for
some foods and beverages reported in the 24h recall,
the description is not detailed enough to correctly
classify them into one of the four NOVA food groups.
For example, cookies could be classified as unprocessed
or minimally processed if they were made at home or
as ultra-processed if they were packaged. Also, even
among industrialized products, the classification could
vary according to ingredients used in each brand and
product; but we did not have that level of detail (e.g. for
the item ‘industrialized tomato juice’ some brands only
add salt and condiments, whereas other brands have
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Fig. 1 Energy contributions from unprocessed or minimally processed foods (@), processed culinary ingredients (), processed
foods (M) and ultra-processed foods () by sex, age group*, residence areat, regionf, socio-economic status (SES)§ and head of
household educational level in the Mexican population (n 10087), 2012 Mexican National Health and Nutrition Survey (ENSANUT
2012). *Pre-school-aged children: aged <5 years; school-aged children: aged 5-11 years; adolescents: aged 12—-19 years; adults:
aged >20 years. tRural: <2500 inhabitants; urban: >2500 inhabitants. $South states: Campeche, Chiapas, Guerrero, Hidalgo,
Oaxaca, Puebla, Quintana Roo, Tabasco, Tlaxcala, Veracruz and Yucatan; Central states: Aguascalientes, Colima, Estado de
México, Mexico City, Guanajuato, Jalisco, Michoacan, Morelos, Nayarit, Querétaro, San Luis Potosi, Sinaloa and Zacatecas; North
states: Baja California, Baja California Sur, Chihuahua, Coahuila, Durango, Nuevo Leén, Sonora and Tamaulipas. §Tertiles of an
index based on household characteristics and basic goods and services

additives and other ingredients that would classify them as
UPPF). The latter was the case for corn flour as explained
above. In addition to the ambiguity for corn tortillas, an
additional 5-2% of the foods and beverages (which had a
mean energy contribution of 12-5% of energy) had ambig-
uous descriptions and could have been misclassified.
Another limitation is that 24 h recalls, even if they are the best
dietary collection method available to monitor the popula-
tion’s diet, do not estimate individual usual intake. The
inability to capture individual usual intake is irrelevant when
estimating the population’s mean. However, when doing
regression analysis, particularly when including many pre-
dictors, like in our study, this can become a bigger concern.

Despite these limitations, our study has several
strengths as well. To our knowledge, it is the first study
that uses the NOVA framework to classify food intake
according to the nature, extent and purpose of processing
in a representative sample of the Mexican population.
We had individual-level information, as opposed to
aggregated data®?; therefore we were able to investigate
the associations between the energy contribution of UPF
and sociodemographic characteristics. Moreover, the
dietary information was collected by 24 h recall using a
multiple-pass method, which improves precision and
reduces the degree of measurement error®?.
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Conclusion

In summary, a third of Mexicans’ energy intake was
composed by UPF in 2012. Furthermore, we found that
sociodemographic characteristics are highly associated
with the energy contribution from UPF intake. In Mexico,
pre-school-aged children and individuals with high SES,
who live in urban areas, in the North region of the country
and in a household where the head of the family has a
high educational level tend to have a higher energy con-
tribution from UPF. Our study highlights the segments of
the population that could benefit the most from public
policies and programmes aimed at reducing the intake of
UPF. Further research is needed to understand the impact
of UPF intake on the dietary quality and health of the
Mexican population.
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