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Objective. To analyze the contribution of natural, processed
and ultra-processed foods to energy and nutrient supply in
Mexican households. Materials and methods. The database of the National Household Expenditure Survey 2013
was analyzed (n=58 001), which is a cross-sectional survey.
Food supply (g/adult equivalent/day) and energy, macro- and
micro-nutrient supplies were estimated. Foods were classified
following the NOVA system. Households sociodemographic
characteristics were analyzed as covariates. Results. Natural
foods (NF) contributed with more energy (55.0%) followed
by ultra-processed foods (UPF, 21.2%). NF were the main
source of most nutrients. Processed culinary ingredients (PCI)
and processed foods (PF) had high content of energy, total
fats, and saturated fats, but low content of certain micronutrients. Sodium was mainly available in PF (34.6%) and UPF
(31.4%). Sugar-sweetened beverages, fast foods, and biscuits
and cookies were the main UPF in terms of energy supply.
Conclusions. In Mexican households, the PCI, PF and UPF
had low nutritional quality.

(1)

Objetivo. Analizar la contribución de los alimentos naturales, procesados y ultraprocesados a la disponibilidad de
energía y nutrientes en los hogares mexicanos. Material y
métodos. Se analizó la base de datos de la Encuesta Nacional de Gasto de los Hogares 2013 (n = 58 001), la cual es una
encuesta transversal. Se estimó la disponibilidad de alimentos
(g/adulto equivalente/día), energía y nutrientes. Los alimentos
fueron clasificados siguiendo el sistema NOVA. Resultados.
Los alimentos naturales (AN) y los ultraprocesados (AUP)
contribuyeron con más energía. Los AN fueron la principal
fuente de la mayoría de los nutrimentos. Los ingredientes
culinarios procesados (ICP) y los alimentos procesados
(AP) tenían alto contenido de energía, grasas totales y grasas
saturadas pero bajo contenido de ciertos micronutrientes.
El sodio estaba disponible principalmente en AP y AUP. Las
bebidas azucaradas, comidas rápidas, galletas y panes fueron
los principales AUP. Conclusión. En México, los ICP, AP y
AUP tienen baja calidad nutricional.
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A

ccording to the NOVA system, foods can be classified in four categories based on the industrial
processes applied to preserve, extract, modify or create
them:1 a) natural or minimally processed (from now on
named natural) are edible parts of plants or animals;
and foods with processes to extend their life, such as
freezing or drying; b) processed culinary ingredients
are ingredients from natural foods used for seasoning,
cooking and preparing dishes; c) processed foods are
natural foods with added ingredients to extend their
durability or make them more palatable; and d) ultraprocessed food and drink products are packaged foods
with five or more ingredients, ready to eat, drink or
heat. Usually, ultra-processed foods or beverages are
ready-to-consume foods and were produced mainly
from substances extracted or refined from natural foods
or synthesized by organic material.2,3
Urbanization and the increasing participation of
females in the labor market has been accompanied by
greater disposable income in households but less time
spent preparing food at home.4 This has influenced
the purchase of ready-to-eat foods or easily accessible
snacks, including processed and ultra-processed foods.5
In addition, ultra-processed foods are normally sold in
large quantities, they tend to have pleasant flavors, and
their striking packages and marketing encourage their
acquisition.6,7 All these factors promote the consumption of ultra-processed foods; consequently, the intake
of natural or minimally processed foods decreases.
A higher intake of ultra-processed foods has been
associated with an increase of low density lipoproteins
and total cholesterol,8 higher body mass index,5,9 higher
risk of overweight and obesity,10 hypertension,11 and
metabolic syndrome.12 And, as supported in previous
analysis,2 ultra-processed foods are unhealthy and
cannot comply with World Health Organization recommendations for total fats, sugars, salt and energy density.
Evidence from industrialized countries indicates
that ultra-processed foods generally contain more
added sugars, salt, and total fats and are more energy
dense than natural or minimally processed foods.2,3,6
Ultra-processed foods also tend to have less fiber,
micronutrients and phytochemicals, and they have a
higher glycemic load and artificial substances such as
colorants or flavorings. However, in each society, the
specific ultra-processed foods that are available differ,
and therefore, the nutrient supply can differ too. For
example, the main ultra-processed foods consumed in
Canada13 are soft drinks, fruit drinks, and fruit juices;
meanwhile, in the United States of America,14 they
are breads. This evidence shows that it is necessary to
know the specific types of ultra-processed foods that are
available in each country. This information could inform
156
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policies and programs aimed to promote healthy eating
in the Mexican society.
Data about availability and consumption of ultraprocessed foods and beverages in Mexico is scarce. It
is estimated that the sales of ultra-processed foods is
220 kg/year/person.5 Recently estimates of contribution of ultra-processed foods to energy consumption
based on 24h recall and differences by sociodemographic characteristics were reported. 15 However,
the nutritional quality (and not only energy) of each
food group (natural, processed culinary ingredients,
processed, and ultra-processed) is unknown; as well
as sociodemographic characteristics of the population
that acquires each food group.
Therefore, the aims of the present study were: a)
to analyze the contribution of natural or minimally
processed foods, processed culinary ingredients, processed, and ultra-processed foods to energy and nutrient
supply in Mexican households; b) to identify the main
ultra-processed foods available in Mexican households;
and c) to identify socioeconomic and demographic factors associated with the availability of natural foods,
processed culinary ingredients, processed, and ultraprocessed foods at the household level.

Materials and methods
The database of the National Household Expenditure Survey (Engasto by its acronym in Spanish: Encuesta Nacional
de Gasto de los Hogares) conducted in Mexico from January
2013 to January 2014, was analyzed.16 The Engasto is a
cross-sectional survey conducted in Mexico and its main
objective was to obtain the distribution of all households’
expenditures on goods and services. One of its specific
objectives was to estimate the annual consumption of
food, beverages, electricity, gas, and water. The sampling
of the Engasto was probabilistic with a bi-phase sample
design, stratified by clustering, where the last selection
unit was dwellings and the observation units were
households. Primary sampling units were constituted by
census tracts conformed to dwelling groups with similar
socioeconomic characteristics. The sample included 71
851 households nationwide; however, the analytic sample
consisted of 58 001 households. The exclusion criteria
were households that did not have food availability data
or those with energy and nutrient supplies that were five
standard deviations (SD) above the nutrient average.
Participation in the Engasto is compulsory because
it is part of the governmental system of information;
therefore, confidentiality is guaranteed to participants.
In addition, the databases are released to the public
without any personal information that could be used to
identify specific participants. The ethics of the project
salud pública de méxico / vol. 61, no. 2, marzo-abril de 2019
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(i.e. analysis of the Engasto database) was granted by the
Ethic Committee of the Divisional Council of Biological
and Health Sciences of the Metropolitan Autonomous
University at Xochimilco.
In the Engasto, the interviewees were trained to register any foods and beverages purchased during a twoweek period in the households. Interviewees were the
people in charge of household management and/or organization. Trained interviewers reviewed the information
registered by the interviewee and made clarifications or
probed for missing data. The respondents reported any
kind of foods and beverages acquired during the two
weeks of the interview by any member that was living in
the household. The reported foods were categorized, by
the interviewers, into 224 categories of most-consumed
single items (e.g., lettuce) or less-consumed food classes
(e.g., chard, spinach, and purslane).
Standardized procedures to clean and analyze
the data from household expenditure surveys were
followed.17,18 Beverages included in the Engasto were
reported in milliliters; in these cases, the FAO/INFOODS Density Database Version 2.019 was used to
convert millimeters into grams using their density (g/
ml). The adult equivalent estimation was used to make
equivalences among households based on the age of
their members; in this way, children received a lower
weighting than adults, and these ponderations were
considered to obtain the adult equivalent. Values for
the estimation of equivalent adults were specific to the
Mexican population.20 The weighted average of adult
equivalent in the Engasto sample was 3.48. For food
supply analysis, the amount of food available in each
household was estimated dividing the total grams per
day by the adult equivalent estimation (g/day/adult
equivalent). Subsequently, food supply data greater than
five SD of the average of food supply per adult equivalent were truncated. Foods were classified into one of
the four groups of the NOVA system,1 which classifies
foods and beverages based on the industrial processes
applied to preserve, extract, modify or create them: natural and minimally processed foods, processed culinary
ingredients, processed foods, and ultra-processed food
and drink products. Ultra-processed foods were subclassified for energy supply analysis. Sub-groups for
this classification were the following: sweetened beverages, fast foods, packaged cereals, biscuits and cookies,
oils, french fries and snacks, milk and yogurt, alcoholic
beverages, texturized soybean, and sauces. Food classification and subclassification can be consulted in the
supplementary table I (located in the repository Dataverse, DOI: https://doi.org/10.7910/DVN/EOHTRJ).
Energy, fiber, carbohydrates, proteins, total fats,
saturated fats, cholesterol, vitamin A, vitamin C, calcium,
salud pública de méxico / vol. 61, no. 2, marzo-abril de 2019
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iron, magnesium, potassium, zinc and sodium supplies
were estimated. This nutrients were selected because they
are risk or protection factors for diseases that are main
causes of morbidity or mortality in Mexico.21-24 High
energy intake is associated with weight gain; sodium
and potassium are associated to hypertension; saturated
fats, cholesterol, and sodium intakes are associated with
coronary heart disease and stroke; calcium is associated
with osteoporosis; iron and vitamin A are related to
anemia; fiber, vitamin A, and vitamin C are protectors
for some chronic conditions; and, zinc, vitamin A, and
protein are related to linear growth. Whereas vitamin D,
E and folate are also important nutrients for a healthy
living, they were not available in the national reference
that was used for the nutrimental information.25
For the content of energy and nutrients, the national
food composition reference25 was consulted. When
nutrient data were not found in such reference, the
USDA Food Composition Database version 2.3.7 was
used.26 The edible portion of foods to estimate the net
weight was obtained from the national food composition reference.25 Information about the codes used for
nutrient estimations can be requested from the authors.
All estimations were made based only on foods with nutritional information and adjusted by adult equivalent.
A zero value was assigned when a food or beverage was
not acquired, in this way all households were included
in all analyses independently whether any item was
available or not. Energy was estimated as kcal per day,
as percentages of calories from natural food, processed
culinary ingredients, processed, and ultra-processed
foods, and as energy density (kcal/gram of food). Macronutrients were expressed as grams, percentage of total
energy supply, and percentage of energy from natural
food, processed culinary ingredients, processed, and
ultra-processed foods. Micronutrients were expressed
as nutrient density per 1 000 kcal of each food group.
The energy and nutrient content of the percentage
of the edible portion of 185 of the 224 foods included
in the Engasto were estimated. For the rest of the foods
and beverages, it was not possible to estimate the energy and nutrient content because their description was
unspecific. The term used for these items was other e.g.,
other vegetables. This label was used for the following
natural foods: corn products, rice products, beef cuts,
chicken parts, fowl, meat, animal viscera, fresh or frozen seafood, milk products, eggs, fruits with big seeds,
frozen fruits, vegetables, aromatic herbs and spices,
chilli and grain pulses. The label other was used for
the following processed foods: sausages and processed
meat, frozen or fresh prepared meat, cheese, animal fat,
and processed pulses. The other ultra-processed products were: prepared, precooked and frozen products;
157
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Table I

Absolute value and percentage of energy and nutrients supply of households provided
by each NOVA food group in Mexican households, 2013
Absolute

Food 1
Food 2
Energy
Carbohydrates
Proteins
Total fats
Saturated fats
Fiber
Cholesterol
Vitamin A
Vitamin C
Calcium
Iron
Magnesium
Potassium
Zinc
Sodium

Unit

N

g
g
Kcal
g
g
g
g
g
mg
mcg
mg
mg
mg
mg
mg
mg
mg

1 380.3
1 351.5
933.2
151.3
38.8
20.1
6.7
8.0
183.8
237.5
54.7
656.9
8.8
301.1
1 634.6
5.6
198.9

PCI
47.7*
47.7*
249.5*
21.2*
0.2*
18.4*
3.4*
0.0*
6.1*
16.0*
0.1*
10.9*
0.1*
3.6*
39.8*
0.0*
1 409.3*

P
83.5*,‡
78.0*,‡
172.6*,‡
20.5*
5.1*,‡
7.6*,‡
3.2*,‡
0.5*,‡
11.0*,‡
28.1*,‡
1.7*,‡
60.4*,‡
0.9*,‡
14.2*,‡
58.4*,‡
0.2*,‡
530.3*,‡

Percentage
UP

Total

N

PCI

P

UP

303.2*,‡,§
300.5*,‡,§
325.1*,‡,§
50.6*,‡,§
5.9*,‡,§
10.5*,‡,§
3.7*,‡,§
0.8*,‡,§
14.5*,‡,§
29.6*,‡
12.0*,‡,§
68.5*,‡,§
1.5*,‡,§
28.8*,‡,§
184.0*,‡,§
0.9*,‡,§
496.1*,‡,§

1 814.6
1 777.6
1 680.4
243.6
50.1
56.6
17.0
9.3
215.5
311.2
68.5
796.8
11.4
347.7
1 918.9
6.8
2 634.6

72.3
72.1
55.0
59.8
75.7
42.2
43.1
82.0
80.3
77.3
80.5
80.4
74.4
82.6
83.3
80.1
20.2

3.3*
3.3*
12.8*
7.3*
0.5*
23.8*
17.3*
0.2*
3.2*
0.1*
0.4*
1.6*
1.3*
1.1*
1.9*
0.4*
13.9*

5.2*,‡
5.0*,‡
11.0*,‡
9.3*,‡
11.0*,‡
14.6*,‡
18.4*,‡
5.8*,‡
7.6*,‡
7.7*,‡
2.4*,‡
8.3*,‡
9.3*,‡
5.5*,‡
3.9*,‡
4.0*,‡
34.6*,‡

19.3*,‡,§
19.6*,‡,§
21.2*,‡,§
23.6*,‡,§
12.8*,‡,§
19.5*,‡,§
21.2*,‡,§
12.0*,‡,§
8.9*,‡,§
10.1*,‡,§
16.7*,‡,§
9.7*,‡,§
15.0*,‡,§
10.9*,‡,§
10.9*,‡,§
15.5*,‡,§
31.4*,‡,§

* Significant difference from natural foods
‡
Significant difference from PCI
§
Significant difference from P foods. Superscripts mean that 95% confidence intervals (estimated through Taylor series linearization method) do not overlap
N: natural and minimally processed; PCI: processed culinary ingredients; P: processed; UP: ultra-processed. Food 1: grams of all foods and beverages in the Engasto
database, including those without nutritional information. Food 2: grams of food with estimated nutrient content. With exception of Food 1, all estimates are
based on the food and beverages with nutrient content

syrups, chocolate, sugar-based products, dressing and
sauces, products related to food preparation, baby food,
and alcoholic beverages. Respect to the total amount
(expressed as g/day/adult equivalent) of each food
group, the proportion of food and beverages whose
nutritional content was not estimated was of 2.24% for
natural foods, 7.94% for processed foods, and 1.18% for
ultra-processed ones (table I).
Sociodemographic household covariates were
evaluated, including the following characteristics of
the household head: sex, age, indigenous language
spoken, and education. The last was categorized into
four groups: elementary (non-attendance to school,
kindergarten, and elementary), junior high school
(including equivalent technical careers), high school
(including equivalent technical careers), and bachelor
or postgraduate (including specialties, masters and
doctoral degrees). The Latin American and Caribbean Scale of Food Security (ELCSA by its acronym in
Spanish: Escala Latinoamericana y Caribeña de Seguridad
Alimentaria)27 was included in the Engasto. Because not
158

all households had minors, we restricted our analysis
to the six (of the twelve) items related to households
and adults’ experiences. Four groups were created according to the number of affirmative answers on the
ELCSA: food secure (no affirmative answers), mild
food insecure (one affirmative answer), moderate food
insecure (two to three affirmative answers), and severe
food insecure (four to six affirmative answers). With
these cut-off points,27,28 we sought the correspondence of
item content with the food insecurity conceptualization.
Region (North, West, Center, and South) and locality
size (inhabitants in city: >100 000, urban: 15 000 to 99
999, semi-rural: 2 500 to 14 999 and rural: <2 500) were
also evaluated.
Statistical analysis was conducted using the survey
commands of the Stata software version 15.0.* These
commands allow consideration of the complex design
of the Engasto (i.e., strata, clustering, and weights).
* StataCorp, College Station, TX.
salud pública de méxico / vol. 61, no. 2, marzo-abril de 2019
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Table II

Sociodemographic characteristics of Mexican households in 2013
n

N

%

CI

Male

41 622

22 215 282

75.1

74.2-75.9

Female

15 061

7 378 870

24.9

24.1-25.8

11 722

6 160 664

20.8

20.0-21.7

20 369
15 432

10 585 637
7 992 189

35.8
27.0

34.9-36.6
26.2-27.9

65 or older

9 160

4 855 662

16.4

15.7-17.1

HH education
Elementary

HH sex

HH age, years
34 or younger
35 – 49
50 – 64

21 862

12 397 486

41.9

40.5-43.3

Junior high school
High school

14 528
9 213

7 538 075
4 606 459

25.5
15.6

24.7-26.3
14.9-16.2

Bachelor or postgraduate

11 080

5 052 132

17.1

16.0-18.2

Food insecurity
Food secure

36 930

17 615 913

59.5

58.2-60.9

Mild food insecure
Moderate food insecure

7 115
7 772

4 159 739
4 453 654

14.1
15.0

13.3-14.8
14.4-15.7

Severe food insecure

6 184

3 364 846

11.4

10.7-12.0

Geographic region
North

16 109

7 098 354

24.0

21.9-26.2

West
Center

15 172
11 109

6 687 442
9 086 270

22.6
30.7

20.2-25.2
27.8-33.8

South

14 293

6 722 086

22.7

19.8-26.0

Locality size
Cities

30 570

14 916 312

50.4

47.7-53.1

11 703
6 440

4 264 930
4 089 691

14.4
13.8

12.4-16.7
12.1-15.7

7 970

6 323 219

21.4

19.1-23.8

Urban
Semi-rural
Rural

HH: household head; n: sample; N: weighted estimations; CI: 95% confidence interval for proportions

Frequencies of categorical variables and means of continuous variables were estimated. To compare means
between groups, the respective confidence intervals
(95%) were calculated. Finally, linear regression models
were estimated with the contribution of each food group
to total energy as outcomes and sociodemographic
household characteristics as covariates (i.e., age, sex
and education of household head; food security; and
geographical region and locality size).
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Results
The distribution of households according to sociodemographic characteristics is presented in table II. Most
of the household heads were male, one-third of them
were between 35 and 49 years old, and almost half had
elementary education or less. Half of the households
were classified as food secure, a third of them belonged
to the Center region, and half belonged to the cities.
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Most of the foods available in the Mexican households were natural, followed by ultra-processed, processed, and processed culinary ingredients (table I).
Therefore, contribution of natural foods to the energy
and nutrients supply of households was higher than
processed culinary ingredients and processed and
ultra-processed foods. The only exception was sodium,
which principal source were processed foods, followed
by ultra-processed foods, natural foods and processed
culinary ingredients. Processed culinary ingredients
was the group which contributed with less households’
supply of most nutrients, except total fats.
The nutritional characteristics (expressed as
macronutrient distribution and nutrient density) of
each food group are presented in table III. Processed
culinary ingredients had the highest energy density;
whereas natural foods had the lowest one. Natural
and ultra-processed foods had higher relative content
of carbohydrates than processed culinary ingredients
and processed foods. Natural foods had the highest

percentage of calories from proteins. Processed culinary
ingredients had more energy from total fats, followed
by processed food, ultra-processed foods and natural
foods. Processed culinary ingredients and processed
foods had more energy from saturated fats than the
other groups. Natural foods had the highest density of
fiber, cholesterol, vitamin A, vitamin C, calcium, iron,
magnesium, potassium, and zinc, but the lowest sodium
density. Processed culinary ingredients had the lowest
density of fiber, vitamin C, calcium, iron, magnesium,
and zinc. Processed foods had the lowest density of
potassium. And ultra-processed foods had the lowest
density of cholesterol and vitamin A.
Energy content of specific ultra-processed foods
and the percentage contribution to total energy and
to energy from the ultra-processed foods groups are
presented in table IV. Sugar-sweetened beverages and
fast food provided 56.2% of ultra-processed food energy
and 13.1% of total energy. Packaged cereals contributed
with 14.7% of ultra-processed food energy and 3.4% of

Table III

Macronutrient distribution and nutrient density of food groups in Mexican households, 2013
Natural
M
Energy density (kcal/g)
Macronutrients (% of calories)
Carbohydrates
Proteins
Total fats
Saturated fats
Micronutrients (units/1 000 kcal)
Cholesterol (mg)
Fiber (g)
Vitamin A (μg)
Vitamin C (mg)
Calcium (mg)
Iron (mg)
Magnesium (mg)
Potassium (mg)
Zinc (mg)
Sodium (mg)

PCI
M

Processed
M

UP
M

Total
M

0.9

5.1*

2.8*,‡

1.5*,‡,§

1.2

62.5
17.4
21.2
7.4

34.9*
1.4*
64.7*
18.0*

44.4*,‡
14.9*,‡
40.6*,‡
17.6*

61.4‡,§
7.8*,‡,§
29.9*,‡,§
10.6*,‡,§

56.8
11.9
29.8
9.4

236.5
8.8
295.7
70.3
735.0
9.6
313.9
1 851.9
6.0
242.5

71.3*
0.7*
216.1*
4.9*
98.4*
1.3*
56.0*
624.7*
0.3*
11 998.4*

79.5*,‡
3.3*,‡
207.0*
13.6*,‡
450.2*,‡
6.1*,‡
80.5*,‡
407.1*,‡
1.7*,‡
3 183.0*,‡

51.2*,‡,§
2.5*,‡,§
79.3*,‡,§
34.4*,‡,§
186.8*,‡,§
4.5*,‡,§
89.4*,‡,§
560.7*,‡,§
2.8*,‡,§
2 257.0*,‡,§

137.9
5.4
198.5
43.1
465.6
6.7
198.3
1 133.8
3.9
1 647.0

* Significant difference from natural foods
‡
Significant difference from PCI
§
Significant difference from processed foods
PIC: processed culinary ingredients
UP: ultra-processed
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Table IV

Relative and absolute values of energy supply from ultra-processed sub-food
groups in Mexican households, 2013
Kcal/day

Sweetened beverages

% of total energy

% of energy from ultra-processed foods

M

CI

M

CI

M

CI

106.0

102.6-109.5

8.5

8.4-8.7

36.4

35.8-37.1

Fast food

55.5

53.5-57.2

4.6

4.5-4.8

19.8

19.2-20.4

Packaged cereals

55.6

52.9-58.1

3.4

3.3-3.5

14.7

14.1-15.2

Biscuits and cookies

39.3

37.7-41.0

2.7

2.6-2.9

11.7

11.1-12.2

Sweets and candies

15.9

15.0-16.8

1.0

1.0-1.1

4.4

4.2-4.6

Oils

16.0

14.9-16.9

0.9

0.9-1.0

3.9

3.7-4.1

French fries and snacks

15.4

14.6-16.2

0.9

0.8-0.9

3.7

3.6-3.9

Milk and yogurt

14.4

12.6-15.7

0.8

0.8-0.9

3.5

3.3-3.7

Alcoholic beverages

2.9

1.6-4.3

0.1

0.1-0.1

0.4

0.3-0.6

Texturized soybean

1.3

1.1-1.4

0.1

0.1-0.1

0.5

0.5.-0.6

0.3

0.3-0.4

Sauces
Total

1.1
323.5

1.0-1.2

0.1

0.1-0.1

316.1-334.0

21.2

20.7-21.7

100.0

M: mean; CI: 95% confidence intervals (estimated through Taylor series linearization method)

total energy. Alcoholic beverages, sauces, and soybeans
were the items with the lowest availability and therefore
contributed with less energy.
The association of sociodemographic household
characteristics with food groups’ contribution to total
energy supply is presented in table V. Natural foods supply was higher in households headed by older people
or with elementary education, those with any level of
food insecurity, and those located in semi-rural or rural
communities or in the South, West, and Center regions.
The supply of processed culinary ingredients was higher
in households headed by people from 35 to 65 years or
who had elementary education, those with any level of
food insecurity, households belonging to the West or
South Regions and those located in urban, semi-rural
or rural localities. Processed foods supply was higher
in households headed by males, from 50 to 65 years or
with junior high school education or more, households
with food security, from West, Center or South regions
or located in cities. The availability of ultra-processed
foods was higher in households headed by people of
34 years or younger or those with higher education as
well as in households with food security or located in
the Northern region and cities.
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Discussion
Our study showed that the availability of natural and
processed foods is higher than ultra-processed foods in
Mexico. Compared to the other groups, natural foods
had the lowest energy density, were the main source and
had the highest density of most micronutrients (except
sodium), and high relative content of proteins and carbohydrates. Processed culinary ingredients had the highest
energy density and the higher relative content of total
and saturated fats. Processed foods had high relative
content of saturated fats and were the main source of
sodium. Ultra-processed foods were the second source
of sodium and have high content of carbohydrates as
percentage of total energy. The most common ultraprocessed foods were sweetened beverages, fast food,
packaged cereals and biscuits and cookies. The availability of ultra-processed foods was higher in households
headed by younger people or with higher education,
and in households with food security, from cities or from
the Northern region. In most cases, the same trend was
observed for processed foods. Whereas natural foods
and processed culinary ingredients were more available
in household headed by older people, with elementary
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Table V

Linear regression models having as outcome the food groups contribution
(as percentage) to total energy and as covariates the Mexican households’
sociodemographic characteristics in 2013
Natural
Mean
b

Mean

PCI
b

Processed
Mean
b

Ultra-processed
Mean
b

HH sex
Male
Female

54.7
56.1

0.42

12.8
12.9

0.03

11.1
10.6

-0.59*

21.5
20.5

0.13

HH age, years
34 or younger
35 – 49
50 – 64
65 or older

50.3
54.0
56.9
60.1

3.38‡
5.60‡
6.70‡

11.5
12.5
13.4
14.1

1.01‡
1.89‡
1.66‡

10.9
11.0
11.2
10.6

0.11
0.64§
1.08*

27.3
22.5
18.5
15.2

-4.5‡
-8.13‡
-9.45‡

HH education
Elementary
Junior high school
High school
Bachelor or more

60.4
54.1
50.6
47.2

-3.08‡
-5.51‡
-8.26‡

14.9
12.8
11.0
9.1

-0.67§
-1.77‡
-3.20‡

9.2
11.1
12.4
13.8

1.49‡
2.30‡
3.44‡

15.5
22.0
26.1
29.9

2.26‡
4.98‡
8.02‡

Food insecurity
Food secure
Mild food insecure
Moderate insecure
Severe food insecure

52.3
58.8
59.4
58.6

3.40‡
3.88‡
2.93‡

11.6
14.5
14.5
14.8

1.55‡
1.53‡
1.71‡

11.9
9.7
9.7
9.3

-1.17‡
-1.28‡
-1.43‡

24.2
17.0
16.4
17.3

-3.77‡
-4.12‡
-3.21‡

Geographic region
North
West
Center
South

51.1
54.8
55.2
59.2

2.03‡
3.12‡
4.95‡

11.5
13.4
12.2
14.5

0.82*
0.17
0.99§

8.3
11.4
14.1
9.1

4.05‡
6.20‡
2.47‡

29.2
20.4
18.6
17.2

-6.89‡
-9.49‡
-8.41‡

Locality size
Cities
Urban
Semi-rural
Rural

51.8
53.7
57.9
61.5

0.58
3.33‡
5.59‡

10.7
12.9
14.4
16.7

1.78‡
2.78‡
4.56‡

12.4
11.3
10.4
7.7

-0.85*
-1.66‡
-3.34‡

25.1
22.1
17.3
14.0

-1.51*
-4.44‡
-6.80‡

* p < 0.010
‡
p < 0.001
§
p < 0.050
HH: household head; b: linear regression coefficient
The reference groups were: men, 34 years old or younger, elementary, food secure, north regions, and cities
PIC: processed culinary ingredients

education, and household who experienced any level
of food insecurity, located in the West, Center or South
region, and in semi-rural or rural localities.
In the American region, as well as worldwide, ultraprocessed food sales are related to the income level of
the country;5,6 sales are higher in high-income countries
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(e.g., Canada or United States of America), followed by
middle-income countries (e.g., Mexico, Chile or Uruguay), and lower in low-income countries (e.g., Peru
or Ecuador). However, the increase in ultra-processed
foods sales has been higher in low- and middle-income
countries than in high-income ones. These findings are
salud pública de méxico / vol. 61, no. 2, marzo-abril de 2019
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consistent with our results because ultra-processed food
supply was the second group with more availability in
Mexican households, but natural foods remain the first.
In addition, the contribution of ultra-processed foods to
total energy supply in Mexico (325.5 kcal, equivalent
to 21.2% of total energy) is closer to the estimations
for Brazil (423.4 kcal, 21.5%),3 but lower than Canada
(984.3 kcal, 47.7%)13 and the United States of America
(1 209.8 kcal, 57.9%).14 These findings seem to imply that
although ultra-processed food sales have increased in
Mexico, there is still the possibility of preventing them
from becoming predominant in the Mexican diet.
The items considered as ultra-processed foods
are heterogeneous, and there are differences among
countries. Therefore, the identification of specific
ultra-processed foods with higher availability in each
society can inform the design of strategies to control or
mitigate their negative effects. The three ultra-processed
foods that contributed with more energy to the diet in
Brazil were cakes, tarts and cookies, fast food dishes,
and sugar-sweetened beverages; 3 in Canada, they
were soft drinks, fruit drinks and fruit juices, massproduced packaged breads, and confectioneries;13 and
in the United States of America, they were breads,
cakes, cookies and pies, and salty snacks.14 In Mexico,
the most important ultra-processed foods were sugarsweetened beverages, fast food, packaged cereals, and
biscuits and candies. The last result is congruent with
the increasing consumption of sweetened beverages
and alcohol by Mexican adolescents and adult women.29
Recent analysis found that at the individual level, cookies, pastries and sweet bread were the most consumed
ultra-processed food group by Mexicans, followed by
sweetened beverages.15 Sweetened beverages were the
first main group available at the household level, which
could be because people acquire this kind of beverages
to consume in their house and share them with other
households’ members. In the case of cookies, pastries
and sweet bread, they were the most consumed foods
at the individual level, which could reflect the fact that
people do not consume these foods at their home, but
only buy and eat them away home.
These findings also give additional support to
the recently implemented regulation of high-energy
density foods and beverages sales through taxation
in Mexico. This action contributed to the reduction of
sugar-sweetened beverage purchases by 12% during
a two-year period. This reduction was more notable
among low socioeconomic households.30 However, no
measures have been implemented to reduce availability
and/or accessibility to other ultra-processed foods. Policies could be guided by these findings to design specific
approaches to regulate or reduce each food group consalud pública de méxico / vol. 61, no. 2, marzo-abril de 2019
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sumption or supply in households or away from homes.
For example, according to our analysis, fast foods are an
important category of ultra-processed foods; however,
more research is needed about their commercialization
channels as well as their impact on health.
The natural foods available in Mexican households
had lower content of saturated fats and sodium; but
higher content of carbohydrates, protein, total fats,
cholesterol, and other micronutrients. In Brazil3 and
Canada,13 natural foods also contributed with more protein and micronutrients supply. In contrast, our analysis
showed that ultra-processed foods were a main source
of sodium and high content of carbohydrates, but low of
vitamin A. In Brazil,3 ultra-processed foods contributed
more free sugars, total fats, saturated fats, and trans
fats. In Canada,13 ultra-processed foods contributed
more carbohydrates, free sugars, and total fats. In other
words, our results confirm that natural foods have better nutritional quality, and although the composition of
ultra-processed foods varies among countries, they tend
to have low nutritional quality.
The nutritional profile of processed culinary ingredients and processed foods should be motive of concern
because they were an important source of sodium, and
had high content of energy, total fats, and saturated fats;
but low content of vitamin C, magnesium and zinc. Even
this kind of foods can have higher content of energy, total
fats, saturated fats, and sodium than ultra-processed
foods. Production and commercialization’s regulation
of processed culinary ingredients and processed foods is
challenging because some of them are staple foods (e.g.
vegetable oil or sugar). As previous research31 and our
findings have showed, these foods are an important part
of diet of low-income populations. A possible strategy is
to make more affordable healthy foods and beverages as
a previous step to implement some restriction to availability or access to processed culinary ingredients and
processed foods.
In Mexico, ultra-processed foods are more available
in households headed by younger people with higher
education, in those with food security, or those from
cities or the Northern region, such as shown in previous
analysis of individual consumption.13 On the other hand,
natural and processed culinary ingredients foods were
more available in households headed by older people
or with lower education or with any level of food insecurity. Additionally, natural items were more available
in households from the Southern region or rural communities. These patterns suggest that the acquisition
of ultra-processed foods is more frequent among social
groups that have a modern or western life-style because
it is linked to urbanization, higher socioeconomic position, younger populations, and the proximity to the
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United States of America. In contrast, the acquisition of
natural foods (and to a lesser extent, processed foods)
could be part of a traditional life-style associated with
rural areas, impoverished sectors of society and older
people. Mexican children with a western diet pattern
have more odds to being overweight or obese than those
with a traditional or rural diet pattern.32
Regarding socioeconomic differences, it is interesting to note that in Canada13 the consumption of
ultra-processed foods is higher among people with less
education and households from rural areas. In contrast,
in Mexico, there was higher availability of these items in
households headed by people with higher education or
from cities. These differences can be due to the higher
production, availability, and affordability of natural
foods in Mexico,33 causing low-income households or
those from rural localities to have greater access to them.
This study presents inherent limitations from the
analysis of household expenditure surveys.17,18 Food
supply may have been underestimated by changes in
household habits, types of food purchased within the
reference period (i.e., perishable food can be bought in
higher quantities), inaccuracy of reported food weights,
lack of information about food consumed away from
home, and the variability of the people who ate at home.
In addition, the Engasto is a cross-sectional survey,
which does not allow causal conclusions to be drawn,
and was not designed with the main goal to distinguish
differences between foods according to their processing level, therefore, misclassification of foods could
exist because gross classifications were used (e.g., one
category was salty cookies, but there was not a detailed
description of this item; therefore, it was assumed to be
an ultra-processed item). The proportion of processed
foods that could not be considered to estimate their
nutrient content was higher compared to the other food
groups. Therefore, our results are an underestimation
of the contribution of processed food to the nutrient
availability in Mexican households. Finally, the national
food composition reference did not have information
about sugar content, and this precludes us to make
comparisons with other studies.
In summary, our analysis showed that natural
foods are the main source of energy in the Mexican diet,
followed by ultra-processed foods, processed culinary
ingredients, and processed foods. Natural foods are
still the main source of protein, fiber, saturated fats,
cholesterol, and most micronutrients. Processed culinary
ingredients and processed foods were high in energy,
total fats, and saturated fat; but had low content of certain micronutrients; whereas, ultra-processed foods contribute significantly to sodium supply. Ultra-processed
food sub-groups that contribute with more energy to the
164
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diet are sugar-sweetened beverages, fast foods, packaged cereals, and biscuits and cookies. The household
availability of ultra-processed foods is higher among
the groups with better socioeconomic position and
from more affluent areas (i.e. cities and North region),
while natural foods and processed culinary ingredients
availability is higher in low-income families and those
from rural areas or impoverished regions. These findings
can be used to guide efforts to promote healthy eating
in Mexico. Until now, most regulations in Mexico have
focused on ultra-processed foods. However, our results
show that regulate the availability of processed culinary
ingredients and processed foods is required because its
nutritional quality could be poor.
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