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Abstract
Objective. To document the energy and nutrient intake of
Mexican preschool children using data from the Mexican National Health and Nutrition Survey 2006 (ENSANUT 2006).
Material and Methods. Dietary data from 3 552 children
less than 5 years old collected through a semi-quantitative
food frequency questionnaire were analyzed. Energy and
nutrient daily intakes and adequacies were calculated. Comparisons were made by geographic region, residence locality,
and socioeconomic status. Results. The Mexico City region
showed the highest energy (103.2%), carbohydrate (109.9%),
and fat (110.1%) adequacies. The highest proportion of
preschoolers with energy and micronutrients inadequacy
(adequacy < 100%) was observed in children of indigenous
ethnicity, low socioeconomic status, living in rural localities,
and in the south region. Conclusions.This information may
help as an indicator of food availability and access in different
population strata and as a tool to focus interventions on those
who may better benefit from food assistance programs.

Resumen
Objetivo. Documentar el consumo de energía y nutrimentos en niños mexicanos menores de cinco años, a partir de
datos de la Encuesta Nacional de Salud y Nutrición 2006
(ENSANUT 2006), realizada en México en 2006. Material
y métodos. Se analizó información de un cuestionario
semicuantitativo de frecuencia de consumo de alimentos de
3 552 niños. Se calcularon consumos y adecuaciones diarias
de energía y nutrimentos, comparando por región geográfica,
tipo de localidad y nivel socioeconómico. Resultados. La
región Ciudad de México presentó la adecuación más alta de
energía (103.2%), carbohidratos (109.9%) y grasa (110.1%).
Las proporciones más altas de inadecuación (adecuación <
100%) en energía y micronutrimentos se observaron en las
localidades rurales, indígenas, región sur y nivel socioeconómico bajo. Conclusiones. Esta información es un indicador
de la disponibilidad y acceso a los alimentos de diferentes
estratos de la población y una herramienta para focalizar a
los beneficiarios de programas de asistencia alimentaria.
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exico, as other countries from Latin America, is
undergoing a nutritional and epidemiological
transition characterized by a significant increase in
mortality rates from chronic, non-transmissible diseases,
such as type 2 diabetes, hypertension, and myocardial
infarction,1 and by an increase in prevalence of overweight and obesity.2,3 Conversely, morbidity and mortality related to acute infectious diseases, such as diarrhea
and respiratory infections, have decreased significantly
over the last decades.4,5 In addition, an important decrease in the prevalence of stunting (10.1 percent points
between 1988 and 2006)3 and anemia (4.3 percent points
between 1999 and 2006)6 in preschool children has been
documented. However, prevalences are still high; at
present, the prevalence of stunting is 9.9% and anemia
16.6%. A significant proportion of children and women
of childbearing age are affected by deficiency of micronutrients such as iron and zinc.7 Apart from increasing
morbidity and mortality rates, said deficiency has an
adverse effect on children’s growth and psychomotor
development.8,9
Those conditions are the result of sociodemographic
and lifestyle changes, in which dietary behaviors could
be playing an important role.10
In Mexico, the national nutrition surveys conducted
in 1988 and 1999 have documented the energy and
macronutrient intakes11,12 in several population groups,
making it possible to observe the polarization of food
intake and nutrient contribution among population
groups from different socioeconomic strata and regions
of the country. For example, a low intake of iron, zinc,
folic acid, calcium, and vitamins A and C has been
observed in preschool children of low socioeconomic
status living in the southern region, in contrast with
high adequacies of fat and proteins and low intake of
fiber in children living in the northern and Mexico City
regions.13
The objective of this study is to document the current intakes of energy and macro and micronutrients by
children less than 5 years old, according to characteristics such as locality, region and socioeconomic status.

Material and Methods
We analyzed information from the Mexican National
Health and Nutrition Survey 2006 (ENSANUT 2006)
conducted in Mexico, which was a probabilistic, stratified, and clustered sampling study representative at the
national, regional and state levels. The design of the survey allowed the collection of data related to the health
and nutrition status of the Mexican population.
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Population and sample size
The ENSANUT 2006 included a total sample of 48 600
households. A subsample corresponding to a third of
the whole sample was selected for dietary information.14
The proportion of eligible households contributed data
on children aged 1-4 years of age was 24%.
On the basis of this criterion, dietary information from 3 552 children aged 1 year to 4 years and 11
months, who represent 7 836 674 children nationwide,
is included in this study.
Subjects who agreed to participate in the study
gave informed consent. The protocol for the survey
was approved by the Ethics, Research, and Biosafety
Committees from the National Institute of Public Health
(INSP).
Data collection
Data were collected between October 2005 and May
2006. Information on food intake of preschool children
was obtained through an adapted version of the semiquantitative food frequency questionnaire found in the
Procedure Handbook for Nutrition Projects, published
by the INSP.15 Food is classified in the questionnaire as
follows: dairy products, fruits, vegetables, home-made
fast food, meats, sausages and eggs, fish and shellfish,
legumes, cereals and tubers, corn products, beverages,
snacks, candies and desserts, soups, creams and noodles,
tortillas, and several other foods (spices, sugar, fats).
In addition, data on consumption of nutrient supplements were collected, the analysis of which will not be
presented in this paper.
This questionnaire was already validated previously in other studies.16 At this time, the portion amounts of
consumed food were included to increase its precision.
The consumed foods (those that represented 95% of the
total consumption) from the data of the 24-hour recall
questionnaire were identified from the 1999 National
Nutrition Survey (ENN 99),12 obtaining a final list of
102 foods.
The questionnaire was administered by trained and
standardized personnel who entered the information
into laptop computers. Personnel used food weighing
scales (Ohaus Compact Scales. Pine Brook, NJ. USA.
Mod. CS5000), cups and measuring spoons, as well as
food tables to better identify portion sizes and quantities of foods included in the questionnaire. Portion
weight, according to its size (standard, small, very
small, regular, large, and very large) was established
for every food included in the questionnaire.
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The questionnaire was administered to the mother
or to the person in charge of feeding the child in order
to obtain information regarding the child’s food consumption during the 7 days before the interview.
Variables
Energy and nutrient intake. The estimated quantity of
energy, fiber, and macro and micronutrients was calculated using four food composition tables and three
datasets17 compiled by a group of researchers from the
INSP. These tables include nutritional value of fortified
foods with the highest consumption in Mexico, such as
cereals and dairy, besides milk distributed by the nutrition program Liconsa and supplement distributed by the
Transfer Conditions Program Oportunidades.
As for micronutrients, only those of importance
for public health (vitamins A and C, folates, total iron,
heme iron, zinc, and calcium) were reported.
Intake adequacy percentages. The adequacy was calculated
by presenting actual intakes as a percent of the Estimated
Average Requirement for proteins, iron, zinc, vitamin C,
retinol equivalents; folates were calculated according to
age and sex.18-21
For calcium, adequate intake value was used, since
the estimated average requirement value has not been
calculated due to lack of information for such calculations.22 For carbohydrates and fat, 50 and 30%, respectively, of the energy derived from those macronutrients
were used as adequacy values.
The percentage of energy adequacy was estimated on
the basis of the Estimated Energy Requirement (EER).23
For using the EER estimation equations, a physical
activity factor had to be included. Because there are no
antecedents of physical activity in the Mexican population of preschool age, the low physical activity factor was
assigned according to the results of the Torun et al. study
(1996).24
Inadequacy. A child was classified with energy and macro
and micronutrient inadequacy when his/her intake was
below 100% of the requirement.
Socioeconomic status. A wellbeing indicator was made
using a principal components index25 that included such
variables as housing conditions, flooring and roofing
materials, ownership of home appliances and electronics (refrigerator, gas stove, and washing machine, TV
set, radio, videoplayer, telephone, and computer), and
number of rooms (not including bathrooms, kitchen,
and halls). The first component accounted for 46% of
the total variance. The resulting standardized factor was
divided into tertiles to categorize three socioeconomic
status groups: low, middle, and high.
S532

Regions. The country was divided into four geographic
regions: north, center, Mexico City, and south.*
Type of locality. Localities were classified according to
population number as rural (<2500 inhabitants) or urban
(≥ 2 500 inhabitants).
Nutritional status. Data on length/height and weight
were transformed to z-scores using the WHO/NCHS/
CDC reference pattern.26 Children were classified as underweight, stunted, and wasted according to their z-score
(< -2 standard deviations for weight-for-age, length/
height-for-age and weight-for-length/height). Children
were classified as overweight when their z-score for
weight-for-height was >2 standard deviations.
Indigenous ethnicity. Children who spoke a native language were considered indigenous; those who spoke only
Spanish were considered non-indigenous.
Data analysis
Intakes and percentages of energy, carbohydrates, proteins, and fat adequacies reported on the individual level
greater than 5 standard deviations from their respective
means were excluded from the analysis. Likewise, energy
adequacy percentages less than 25% were eliminated, as
they were implausible values. Details on data managing and cleaning can be found in another article of this
supplement.27 In total, 407 observations, accounting for
10.3% of the original sample were excluded.
Due to the data elimination during the cleaning
process, we calculated new expansion factors.
Because data on intake and energy, macro, and micronutrient adequacy percentages are biased toward high
values, they are shown as medians, 25 and 75 percentiles
of the distribution.
T tests were done to observe differences between
intake and energy and nutrient adequacy percentages.
Transformations of the dietary continuous variables were
generated to approach a normal distribution for dietary
variables. Chi-square tests were also done to observe
differences in the proportions of inadequacy, stratifying
by variables of interest. Differences among geographic

* North: Baja California, Baja California Sur, Coahuila, Chihuahua,
Durango, Nuevo Leon, Sonora, and Tamaulipas states. Center:
Aguascalientes, Colima, Guanajuato, Jalisco, State of Mexico (except
Mexico City’s Metropolitan area), Michoacan, Morelos, Nayarit,
Queretaro, San Luis Potosi, Sinaloa, and Zacatecas states. Mexico
City: Mexico City and its metropolitan area. South: Campeche,
Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla, Quintana Roo, Tabasco,
Tlaxcala, Veracruz, and Yucatan states.
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regions, type of locality, and socioeconomic status
categories were analyzed and p-value was adjusted by
multiple comparisons (Bonferroni adjustment).28
Processing of all results was performed using the
SVY module of the Stata Program version 9.0 in order
to adjust for the design effect of the survey.

was above 100%, except folates (95.5%), energy (92.4%)
and fat (96.7%) (Table II).
Significant differences (p< 0.05) were found between
the Mexico City and the south regions; the former had
higher intakes and adequacies of energy, macronutrients,
vitamin A, and calcium than the latter.
The Mexico City region had the highest intake of
heme iron (0.14 mg, 2.2% of total iron intake), whereas
the lowest intake corresponded to the southern region
(0.09 mg, 1.4% of total iron intake) (when comparing
both regions).
However, macro and micronutrient adequacies
were above 100% in the four regions, except fat and
folate in the center (96.1% and 92.2%, respectively)
and south (84.4% and 88.6%, respectively) regions. Adequacies of about 300% for protein and vitamin C were
observed in all regions of the country.
According to type of locality, greater intakes of
energy, macronutrients, vitamins A and C, folates, heme
iron, and calcium were observed in urban than in rural
localities (p< 0.05). The same was noted for energy and
macro and micronutrient adequacy percentages (p<
0.05), except iron.

Results
General characteristics of the study population are
presented in Table I. Most preschoolers (40.2%) lived in
the south region, 57.5% lived in urban localities, and a
small proportion spoke an indigenous language (5.9%).
Stunting was observed in 12.6%, and 52.5% was in the
lower socioeconomic tertile.
Energy and macronutrient intakes and
adequacy percentages
Nationwide, median energy intake was 1 070 kcal and
median fiber intake was 8.3 g. Total iron intake was 6.2
mg, of which 1.6% corresponded to heme iron (0.1 mg).
The adequacy percentage of almost all macronutrients

Table I

General characteristics of the study population. Mexico. ENSANUT 2006
Characteristics

Sex

Age (years)

Nutritional status

Indigenous ethnicity

Region

Localities

Socioeconomic Status (tertile)

Sample (n)

Expansion (thousands)

%

Men

1 836

3 966.5

51.7

Women
1
2
3
4
Stunting (< -2 z-score)
Underweight (< -2 z-score)
Wasting (< -2 Z-score)
Overweight (> +2 z-score)
Yes
No
North
Center
Mexico City
South
Urban
Rural
Low
Middle
High

1 716
751
916
902
983
409
190
50
191
209
3 340
587
1 374
165
1 426
2 041
1 511
1 857
1 148
535

3 870.2
1 766.7
2 015.8
2 077.3
1 976.8
895.9
419.8
81.8
362.2
379.9
7 448.9
1 532.9
2 443.3
1 238.6
2 621.8
5 700.7
2 135.9
3 309.9
2 662.9
1 843.2

48.3
21.1
25.8
25.4
27.7
12.6
5.9
1.6
5.9
5.9
94.1
16.5
38.7
4.7
40.2
57.5
42.5
52.5
32.4
15.1
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1 070.3
8.3
34.9
151.1
37.8
310.7
47.9
125.1
6.2
0.1
4.9
769.8

92.4
308.6
103.8
96.7
135.5
320.7
95.5
192.8
173.9
130.5

Adequacy percentages
Energy
Protein
Carbohydrates
Fat
Vitamin A
Vitamin C
Folate
Iron
Zinc
Calcium

Median

Intakes
Energy (kcal)
Fiber (g)
Protein (g)
Carbohydrates (g)
Fat (g)
Vitamin A (mcg ER)
Vitamin C (mg)
Folate (mcg)
Total iron (mg)
Heme iron (mg)
Zinc (mg)
Calcium (mg)

(68.1, 122.2)
(218.7, 409.8)
(77.3, 138.9)
(67.8, 136.0)
(78.2, 228.4)
(166.9, 543.8)
(63.8, 138.1)
(122.6, 286.4)
(119.3, 248.8)
(73.9, 192.9)

95.9
307.6
103.9
105.8
124.1
287.5
102.3
195.6
172.3
113.5

(69.0, 126.4)
(222.0, 415.7)
(75.2, 140.8)
(75.2, 143.0)
(77.4, 197.3)
(153.5, 490.4)
(70.3, 149.8)
(130.9, 303.3)
(118.5, 245.7)
(67.7, 188.0)

89.7
295.7
101.4
96.1ø
123.5
312.9
96.2ø
190.9
168.9
128.2

(66.7, 119.2)
(208.5, 400.2)
(74.3, 136.3)
(65.0, 132.3)
(69.2, 201.9)
(167.1, 561.4)
(66.1, 136.5)
(119.8, 275.3)
(116.1, 241.9)
(71.8, 189.8)

103.2
344.9
109.9
110.1
222.6ø,◊
393.7
95.4
198.5
184.5
157.3ø

(776.6, 1393.1) 1 195.7
(6.1, 12.8)
8.5
(24.4, 46.3)
40.9◊
(106.5, 197.7) 159.1
(25.3, 50.8)
42.2
(154.6, 465.3) 492.9ø,◊
(26.1, 84.1)
54.3
(85.7, 181.8)
122.7
(3.9, 9.2)
6.3
(0.04, 0.21)
0.14◊
(3.3, 6.9)
5.3
(437.7, 1045.2) 900.9ø

(80.1, 127.1)
(289.5, 441.4)
(86.9, 138.4)
(84.4, 145.9)
(132.9, 317.5)
(207.8, 617.1)
(65.8, 123.8)
(128.7, 264.6)
(137.1, 251.8)
(107.9, 206.8)

(921.1, 1494)
(5.9, 10.6)
(31.7, 51.5)
(124.5, 211.8)
(32.2, 56.9)
(294.3, 718.5)
(35.4, 93.8)
(84.2, 161.1)
(4.5, 8.7)
(0.08, 0.24)
(3.9, 6.7)
(622.2, 1083.2)

Geographic regions
Center§
Mexico city#
Median
C (25 , 75)
Median
C (25 , 75)

(817.6, 1439.9) 1 059.5
(5.4, 12.3)
8.9
(25.7, 47.7)
34.8
(107.9, 201.5) 147.7
(28.7, 54.2)
37.4ø
(169.5, 437.4) 279.2
(22.7, 71.5)
47.6
(90.2, 191.4)
126.4ø
(4.3, 9.9)
6.3
(0.07, 0.28)
0.10ø
(3.3, 6.8)
4.9
(387.3, 1025.2) 744.9

North‡
Median
C (25 , 75)

(788.1, 1412.6) 1 091.5
(5.6, 11.7)
8.2
(25.5, 46.8)
36.1
(109.1, 201.9)
149.0
(26.1, 51.7)
39.7
(175.2, 509.2)
285.0
(25.4, 80.2)
43.0
(82.5, 180.5)
133.9
(3.9, 9.3)
6.4
(0.05, 0.2)
0.14
(3.4, 6.9)
4.9
(445.5, 1050.1) 659.4

C (25 , 75)

National*

* Sample cases: 3 552, expansion (thousands): 7 836.7 preschoolers
‡
Sample cases: 587, expansion (thousands): 1 532.9 preschoolers
§
Sample cases: 1 374, expansion (thousands): 2 443.3 preschoolers
#
Sample cases: 165, expansion (thousands): 1 238.6 preschoolers
&
Sample cases:1 426, expansion (thousands): 2 621.8 preschoolers
≠
Sample cases: 2 041, expansion (thousands): 5 700.7 preschoolers
∞
Sample cases: 1 511, expansion (thousands): 2 135.9 preschoolers
ø
Statistically significant differences (Bonferroni test, p< 0.012) comparing north vs center, Mexico City, and south regions
◊
Statistically significant differences (Bonferroni test, p< 0.012) comparing center vs Mexico City and south regions
€
Statistically significant differences (Bonferroni test, p< 0.012) comparing Mexico City vs south regions
∆
Statistically significant differences (Bonferroni test, p< 0.05) comparing urban vs rural localities

C: centile

Table II

84.6ø,◊,€
275.9ø,◊,€
98.4€
84.4ø,◊,€
118.1◊,€
305.5◊
88.6ø
190.9
170.5
117.1◊,€

995.3ø,◊,€
7.9
32.2ø,◊,€
145.4³
32.7ø,◊,€
266.0◊,€
47.1
117.5ø
6.3
0.09ø,€
4.9
687.0◊,€

(60.7, 112.4)
(190.6, 380.9)
(71.8, 132.7)
(56.2, 121.9)
(65.2, 201.9)
(157.4, 539.4)
(57.3, 134.9)
(118.8, 294.4)
(107.8, 257.7)
(64.4, 183.9)

96.1
323.0
105.7
104.9
153.3
338.4
99.8
193.8
178.2
141.9

(71.2, 125.8)
(237.6, 424.2)
(79.3, 140.4)
(72.5, 142.2)
(92.7, 247.2)
(183.8, 562.5)
(66.5, 140.8)
(125.2, 288.6)
(126.9, 253.0)
(80.9, 200.9)

(835.2, 1456.9)
(5.6, 11.7)
(28.1, 49.1)
(113.4, 206.9)
(28.6, 54.3)
(206.7, 560.9)
(27.9, 83.9)
(85.1, 186.9)
(4.1, 9.2)
(0.07, 0.24)
(3.5, 6.9)
(484.3, 1091.1)

83.9∆
260.6∆
95.7∆
84.1∆
100.4∆
249.2∆
85.5∆
188.2
160.2∆
110.3∆

956.9∆
8.3
30.9∆
140.4∆
31.6∆
224.2∆
38.6∆
113.2∆
6.1
0.07∆
4.5
620.4∆

(61.2, 110.4)
(179.1, 359.7)
(71.3, 133.5)
(54.5, 114.3)
(55.2, 167.0)
(131.6, 482.9)
(55.9, 127.4)
(114.6, 286.1)
(102.8, 238.6)
(59.3, 173.5)

(686.8, 1252.1)
(5.5, 11.9)
(21.6, 40.3)
(98.4, 187.5)
(21.2, 43.9)
(122.8, 388.3)
(20.6, 71.4)
(73.6, 169.1)
(3.8, 9.9)
(0.02, 0.14)
(2.9, 6.7)
(350.5, 931.9)

Localities
Urban≠
Rural∞
Median
C (25 , 75)
Median
C (25 , 75)

(700.7, 1309.0) 1 105.7
(5.1, 11.5)
8.3
(22.3, 43.3)
36.6
(101.3, 192.6)
156.1
(21.7, 46.3)
39.9
(147.2, 453.1)
347.1
(24.4, 77.3)
51.1
(76.3, 173.4)
128.3
(3.9, 9.7)
6.3
(0.04, 0.18)
0.14
(3.1, 7.0)
5.1
(394.2, 989.9)
809.9

South&
Median
C (25 , 75)

Intakes and energy and nutrient adequacy percentages by geographic region and by type of locality
in children aged 1 to 4 years. Mexico. ENSANUT 2006
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proportion of children with iron inadequacy are 1 yearolds (28.4%) compared with other age groups (p< 0.05).
Regarding indigenous ethnicity, indigenous children had a greater proportion of energy and nutrient
inadequacy, about 20%, compared with non-indigenous
children (p< 0.05).
The comparison by regions showed that most preschool children with energy, fat, vitamin A, and calcium
inadequacies lived in the south region (significant differences between regions).
By type of locality, we found that most children with
inadequacy lived in rural localities, the differences being

Energy and micronutrient inadequacies
Table III presents the proportion of children with energy,
fat, and micronutrient inadequacies according to several
characteristics.
Nationwide, the highest proportions of inadequacy
in preschoolers are found in fat (52.3%), vitamin A
(33.6%), folate (52.2%) and calcium (36.4%) intakes.
By disaggregating this data by years of age, we noted
that children in the groups of 1- and 4-years-old had a
greater proportion of inadequacy compared with 2- and
4-years-old children (p< 0.05). Noticeably, the highest

Table III

Proportion of children younger than 5 years with energy, fat and micronutrient inadequacies.
Mexico. ENSANUT 2006
Energy
%

Characteristics
National
Sex

Age (years)*

Nutritional status

Indigenous‡

Region§

Localities#

Socioeconomic status
(tertile)&

Men
Women
1
2
3
4
Stunting (< -2 z-score)
Underweight (< -2 z-score)
Wasting (< -2 z-score)
Overweight (> +2 z-score)
Yes
No
North
Center
Mexico City
South
Urban
Rural
Low
Middle
High

Fat
%

Vitamin A
%

Vitamin C
%

Folate
%

Iron
%

Zinc
%

Calcium
%

56.9

52.3

33.6

12.0

52.2

16..3

17.7

36.4

56.8
57.1
48.7
48.8
66.5
62.6
62.5
69.7
78.1
58.8
73.1
56.2
52.0
57.2
48.7
63.5
53.1
67.2
66.1
51.7
47.9

53.2
51.3
42.4
44.3
61.7
59.4
62.1
71.3
64.7
42.3
78.6
50.9
42.2
53.5
45.7
60.0
47.6
64.7
62.9
45.4
42.8

31.2
35.9
37.6
30.5
26.7
40.3
44.1
32.4
23.9
30.3
66.5
31.9
37.4
33.2
13.2
41.4
27.5
49.9
43.8
28.1
23.0

10.6
13.5
11.9
9.7
7.8
18.9
16.0
9.3
15.3
10.9
27.1
11.3
14.1
10.8
8.6
13.5
10.6
15.8
17.2
8.3
8.3

51.6
52.8
58.5
50.2
42.7
58.6
59.9
60.1
77.3
43.4
69.9
51.3
45.9
52.6
48.2
57.4
50.1
57.9
56.9
50.1
46.8

15.9
16.7
28.4
15.0
8.3
15.1
17.6
10.4
12.3
17.2
22.0
15.9
13.2
16.8
15.2
18.1
15.6
18.1
18.5
13.8
15.9

15.9
19.6
21.7
11.4
10.1
28.6
24.0
21.7
26.9
12.9
38.5
16.7
19.5
14.4
12.9
21.9
15.7
23.2
23.4
14.8
11.6

34.3
38.6
32.8
30.7
26.5
55.8
48.5
46.0
37.5
24.6
67.6
34.8
43.4
32.7
23.7
41.8
33.4
44.4
45.9
29.8
28.6

* Statistically significant differences (χ2 test, p< 0.012) among categories in the proportions of energy, fat, vitamins A and C, folate, iron, zinc, and calcium inadequacies
‡
Statistically significant differences (χ2 test, p< 0.05) between categories in the proportions of energy, fat, vitamins A and C, folate, zinc, and calcium inadequacies
§
Statistically significant differences (χ2 test, p< 0.012) among categories in the proportions of energy, vitamin A, and calcium inadequacies
#
Statistically significant differences (χ2 test, p< 0.025) between categories in the proportions of energy, fat, vitamins A and C, folate, zinc and calcium inadequacies
&
Statistically significant differences (χ2 test, p< 0.016) among categories in the proportions of energy, fat, vitamins A and C, zinc and calcium inadequacies
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significant for energy, fat, vitamins A and C, folate, and
calcium inadequacies.
Significant differences were also noted by socioeconomic status, with energy inadequacy in 66.1% of
children in the low and 47.9% of children in the high
fertile. Likewise, differences in fat (62.9% lower and
42.8% upper strata), vitamin A (43.8% lower and 23.0%
high tertile), and calcium (45.9% low and 28.6% high
tertile) inadequacies were observed.

Energy proportion provided
by macronutrients
Table IV shows the proportions of contribution of
macronutrients to total energy intake. Nationwide,
carbohydrates accounted for 56.7%, proteins for 13.1%,
and fat for 32.3% of total energy consumed by preschoolers. When analyzing the macronutrient contribution by age in preschool children, we observed that

Table IV

Proportion of total energy accounted by macronutrients in preschoolers’ diets.
Mexico. ENSANUT 2006
Characteristics

National
Sex

Age (years)

Nutritional status

Indigenous

Region

Localities
Socioeconomic status
(tertile)

Median

Carbohydrates
25
75

Median

Proteins
25

75

Median

Fat
25

75

56.7

51.1

62.8

13.1

11.5

14.7

32.3

27.5

36.4

Men
Women
1
2
3
4
Stunting (< -2 z-score)
Underweight (< -2 z-score)
Wasting (< -2 z-score)
Overweight (> +2 z-score)
Yes
No
North
Center
Mexico City
South
Urban
Rural
Low
Middle

56.8
56.5
55.2
56.6*
57.1*,‡
57.4*,‡
59.6
57.5
56.3
54.1
67.1
56.3
54.6
56.8
56.5
58.2&,∞
55.8
59.4ø
58.7
56.1◊

51.0
51.2
49.4
50.6
52.3
52.2
55.0
50.9
49.5
49.0
60.0
50.9
49.6
51.2
50.3
52.6
50.6
53.6
52.9
50.1

62.8
62.9
61.1
62.7
62.9
64.0
67.1
65.7
61.6
60.6
72.7
62.0
60.1
63.2
61.1
65.2
61.4
66.3
65.3
61.8

13.0
13.2
13.9
13.3*
12.8*
12.6*
12.6
12.8
14.4
13.6§
11.9
13.2#
12.9
13.1
13.7≠
12.9&,≠,∞
13.3
12.6ø
12.7
13.3◊

11.5
11.4
12.2
11.5
11.3
11.1
11.1
11.1
11.2
12.4
10.8
11.5
11.1
11.7
12.2
11.3
11.7
11.1
11.2
11.4

14.7
14.8
15.7
15.1
14.4
14.0
14.0
13.7
15.8
15.5
12.9
14.8
14.6
14.9
14.9
14.6
14.8
14.4
14.4
14.8

32.2
32.3
32.9
32.4*
31.8*
31.8*,‡
30.0
31.4
33.3
34.1§
23.7
32.4#
34.2
32.35
32.3
31.1&,≠,∞
32.8
30.1ø
30.7
33.1◊

27.5
27.8
27.7
27.8
27.5
26.7
24.4
24.8
27.3
29.7
18.6
27.9
29.7
26.9
28.8
25.3
28.5
24.6
25.2
28.7

36.1
36.7
36.8
36.6
35.9
36.2
34.3
36.6
36.8
37.6
29.1
36.5
37.8
36.6
36.2
35.5
36.7
34.9
35.3
37.0

High

54.9◊

49.9

59.9

13.6◊

12.2

15.0

33.2◊

29.1

37.2

* Statistically significant differences (Bonferroni test, p< 0.012) comparing with 1-year-old children
‡
Statistically significant differences (Bonferroni test, p< 0.012) comparing with 2-year-old children
§
Statistically significant differences (Bonferroni test, p< 0.012) comparing with children who were classified as being underweight (< -2 z- score)
#
Statistically significant differences (Bonferroni test, p< 0.05) comparing with children who spoke an indigenous language
&
Statistically significant differences (Bonferroni test, p< 0.012) comparing with children from the north region
≠
Statistically significant differences (Bonferroni test, p< 0.012) comparing with children from the center region
∞
Statistically significant differences (Bonferroni test, p< 0.012) comparing with children from Mexico City region
ø
Statistically significant differences (Bonferroni test, p< 0.025) comparing with children from urban localities
◊
Statistically significant differences (Bonferroni test, p< 0.016) comparing with children of low socioeconomic status
€
Statistically significant differences (Bonferroni test, p< 0.016) comparing with children of middle socioeconomic status

S536

salud pública de méxico / vol. 51, suplemento 4 de 2009

Nutrient intake in Mexican children

the proportion of energy from carbohydrates slightly
increased with age.
Comparisons by nutritional status showed that
energy proportion from fat was greater in obese children
compared with those with low weight.
Fat contributed 23.7% of total energy intake for
indigenous vs. 32.4% for non-indigenous children.
Energy proportion from carbohydrates was greater
in the south region (compared with the central and
Mexico City regions), while energy proportion from fat
was greater in the north region.
A greater proportion of energy from carbohydrates
was observed in rural compared with urban localities,
whereas a greater proportion of energy from fat was
found in urban localities.
The proportion of energy from carbohydrates was
greater in the lower than in the highest tertiles and the
proportion from proteins was greater in the highest than
in the lower tertiles.

Discussion
This manuscript describes current energy and macro
and micronutrients intakes in preschoolers, as well as
the differences between geographic regions and rural
and urban localities in Mexico.
The results of this study indicate a greater intake
of energy, fat, and other nutrients on the part of preschoolers living in urban localities compared with those
living in rural localities. In addition, the greatest energy,
protein, vitamins A and C, zinc, and calcium adequacies
were observed in the Mexico City region. This information agrees with the analyses performed with data from
the ENN 99.13
The sprawling urbanization in low-income countries such as Mexico, with a high intake of food with
high energy content and a decrease in physical activity, have led to an increase in overweight and obesity.29
Some studies showed that the intake of processed foods
provides about 39% of energy, animal protein, fat, and
carbohydrates of Mexican preschoolers’ diet.32 In addition, another study carried out in 2002 by the National
Institute of Medical Sciences and Nutrition, including
families from Mexico City and its metropolitan area,
reported that per capita consumption of soft drinks
was 60 ml. The information was collected through 24hour recalls. Sugar was found to be the second most
consumed food by the population in the lowest socioeconomic quartile.31
Furthermore, although adequacies in total iron
intake are above international recommendations
(roughly 190%), the bioavailable iron content in the diet
of Mexican preschoolers is low (1.6%) in relation to their
salud pública de méxico / vol. 51, suplemento 4 de 2009
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physiologic needs (2.7% to 6.1% of total iron consumed).
Thus, iron deficiency is still highly prevalent in this
population.32
The marked inequality observed in the country
as to the proportion of the population with energy
and nutrient inadequacies according to socioeconomic
conditions is worrisome. A fifth of the population living
in the southern region, in rural localities, and of low
socioeconomic status has vitamin A, folate and calcium
inadequacies. This proportion increases when analysis
by indigenous ethnicity is made: about one-third of
the indigenous population has energy and nutrient
inadequacies; the latter may be affecting the nutritional
status of those children, as it has been observed that
indigenous children living in urban and rural localities
have a 3- and 2-fold greater prevalence of low height
and low weight, respectively, compared with nonindigenous children.33
The coexistence of high energy and nutrient intakes
in urban localities and high proportions of populations
with micronutrient inadequacy in the lowest socioeconomic status, together with the presence of overweight
and obesity in the country, is characteristic of a nutritional polarization. This phenomenon, known as “the
double burden of malnutrition”, has been observed in
countries such as India, the Philippines, and China.34
As for the macronutrient contribution to diet, in
general the proportions are within those recommended
for this group of age;35 however, children with overweight (> +2 z-score) and those living in urban locations
show the highest proportion (34%, close to the upper
limit of recommendations) of fat contribution to diet.
The low intake of fiber is noticeable in this age group
(about 8 g/day), being little more than half of that recommended for children 1 to 3 years old, and less than
one-third of that recommended for children 4 years old
and over.36
Data showed in this study has some limitations:
The use of an instrument such as the food frequency
questionnaire may cause an overestimation of the
reported information about vitamins and minerals.
However, it is a validated instrument to report energy
and macronutrient intakes.37,38 Another limitation is that
in children it is common to underreport certain kinds of
food such as snacks, candies and biscuits.39 But in this
survey we tried to minimize this potential information
bias during the interview of the person in charge of
caring for the children. An additional limitation is that
we did not have enough information about the amount
of nutrient supplement (number of pills or spoonfuls),
leading to a possible underestimation of the nutrient
intake. However, we do not believe that it is a significant problem in the estimation of nutrient intake, since
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only 11% of the children reported consuming nutrient
supplements. Hence, this information was not included
in the analysis.
Comparisons with data from the prior national
surveys are not possible since information was collected through a different instrument.40 Despite such
limitations, the results allowed us to observe that comparisons by geographic regions and types of localities
are consistent with the survey findings.
The high adequacy of protein calls for the necessity
of a secondary analysis for differentiating its intake depending on the source (vegetal or animal). That analysis
could help as a protein quality indicator, and differences
among population strata could be observed as well.
In view of the documented results, it becomes more
important to know, in detail, which foods predominate
in the preschoolers’ diets and to detect those that could
be affecting their quality. To date, the level of association between dietary factors and overweight/obesity in
Mexican preschool children is not known. Nonetheless,
there is available scientific evidence pointing to dietary
factors, mainly the consumption of soft drinks, as playing a role in the presence of obesity in children in the
United States of America.41
The information related to iron intake is noteworthy.
When comparing iron intake data from the ENN 99 with
the same data from this study we can observe a large
difference in the consumption of this nutrient. However,
this difference could be accounted for by methodological
procedures, as data on food composition, including iron,
was more accurate in the 2006 survey.
In conclusion, knowledge about children’s food intake and the measurement of levels up to those that meet
international recommendations on energy and nutrient
intake for children can be valuable tools to formulate or
redesign health, education, and nutrition interventions
aimed at this age group and to target at-risk population
groups.
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