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Abstract

Objective. To estimate energy and nutrient intakes and
adequacies in Mexican adolescents. Materials and meth-
ods. Dietary intake was assessed in | 961 adolescents who
participated in the National Health and Nutrition Survey 2012
(Ensanut 2012), by a food frequency questionnaire. Medians
of intakes and adequacies were estimated for energy, macro-
and micronutrients and are presented by residence area,
region and household wealth index (HWI). Consumption by
food groups was estimated. Results. Median daily energy
intake was 2 000 Kcal in males and | 800 Kcal in females.
High prevalences of inadequacy were observed for fiber,
PUFAs, iron,zinc and calcium.These inadequacies were higher
among individuals of low HWI. Moreover, excessive intakes
of total and saturated fat were higher among adolescents of
higher HWI. Conclusion. The diet of Mexican adolescents
is deficient in essential nutrients for good health and high in
saturated fat.Actions are needed to promote a healthy diet.
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Resumen

Objetivo. Estimar la ingesta de energia, nutrientes e inade-
cuaciones en adolescentes mexicanos. Material y méto-
dos. La ingesta se evaluo en | 961 adolescentes mexicanos
participantes en la Encuesta Nacional de Salud y Nutricion
2012 (Ensanut 2012), mediante un cuestionario de frecuencia.
Se calcularon las medianas de ingestas y adecuaciones para
la energia, macro y micronutrientes, y el consumo por grupo
de alimentos. Resultados. La ingesta energética diaria fue
de 2 000 kcal en varones y | 800 kcal en las mujeres. Se
observé una alta prevalencia de inadecuacion de fibra, grasa
poliinsaturada, hierro, zinc y calcio. Las inadecuaciones fueron
mayores en el indice de bienestar bajo, mientras que el nivel
alto se caracterizo6 por ingesta excesiva de grasas. Conclu-
sion. La dieta de los adolescentes mexicanos es deficiente
en nutrientes esenciales para la buena salud y es excesiva en
grasas saturadas. Es necesario promover una dieta saludable.
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dolescence is a life stage characterized by the

second growth period and according to the World
Health Organization (WHO),'it takes place between 10
and 19 years of age. During this period, adequate quan-
tities of energy and key nutrients are needed to avoid
negative effects on cognitive performance, reduction in
somatic growth® and delay in sexual maturation.* One
of the primary deficiencies is anemia resulting from
inadequate iron consumption,® which leads to poor per-
formance in school or at work, risks during pregnancy
or birth and low birthweight. Low consumption of zinc
leads to an imbalance in the immune system.® During
this growth period, excess consumption of foods that
are high in energy and low in micronutrients, could lead
to the development of overweight, obesity and chronic
diseases in adulthood.”

In Mexico, according to the 2006 National Health
and Nutrition Survey (Ensanut 2006), 30% of adolescents
had deficient consumption of energy, zinc, vitamin A,
folate and calcium. In addition, 35% had excess weight®
and poorest families had high consumption of foods that
are high in energy and low in micronutrients and fiber,
as sugary drinks, alcohol and some industrialized foods.
Given the relevance of micronutrient deficiencies during
adolescence, due to the immense demand for nutrients,’
itis fundamental that the consumption of the adolescent
population is monitored nationwide. The objective of
this study is to estimate the intake and percent adequacy
of energy intake (macronutrients, minerals), as well as
their prevalence of inadequacy, in Mexican adolescents
from Ensanut 2012 using a FFQ.

Materials and methods

Data from the Ensanut 2012 survey was analyzed. This
is a multi-stage, probabilistic, stratified survey with
national, state and urban and rural representation, with
a response rate at the household level of 87%. A semi-
quantitative food frequency questionnaire (SFFQ) was
applied to 11% of the sample. More details are described
in a previous publication.!” Dietary information was
obtained from 2203 adolescents (12 to 19 years old).

Data collection and construction of
variables

Diet. Dietary data were collected through a SFFQ that
was based on the SFFQ used in Ensanut 2006% with 39
additional foods. In total, information on 140 foods and
drinks was obtained. The data collected included the
number of days, times per day, portion size and num-
ber of portions consumed during the seven days prior
to the interview. The SFFQ was applied by personnel
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who were trained and standardized on information
collection and recording. SFFQ was validated against
24 hours recall in adolescents and it is a suitable tool to
estimate energy and nutrient intakes and rank subjects
according to their intakes.!!

Intake. Grams (g) or milliliters (ml) consumed per
day was obtained for each food and beverage. Con-
sumptions of foods over 3 standard deviations were
eliminated. The nutritional content was obtained using a
nutritional composition table compiled by INSP.* Grams
consumed and nutritional content were obtained using
an algorithm in Access with SQL programming.

The database was then cleaned excluding 176 ado-
lescents with an average intake to estimated requirement
ratio greater than 3 standard deviations of the mean,?
and 66 pregnant or breastfeeding female were also ex-
cluded.

Food groups intake. Food and beverages were classified
into 23 food groups: Corn products, tortilla, legumes,
wheat products, sweetened cereals (industrialized cook-
ies and cakes, sweetened cereals ready to eat) , ready
to eat cereals with fiber, other cereals and roots (rice,
potatoes, sweet potato), fruits, vegetables, meats (beef
and pork), processed meats (ham, sausage), chicken, fish
and shellfish, alcoholic beverages, low-fat dairy, whole
dairy and egg, fats (oils, margarine, butter, mayonnaise,
cream), candies, salty snacks and desserts, sweetened
beverages (juices, tea or coffee with sugar, sodas, sug-
ary drinks), non-sweetened beverages, plain water,
sweetened low-fat dairy beverages, sweetened whole
dairy beverages and fast food & fried Mexican dishes.
Consumption in grams and energy were estimated by
food group.

Adequacy percentage (AP). The adequacy percentage for
energy was derived from the estimated energy require-
ment (EER) using the equations from the United States
Institute of Medicine (IOM)" for maintenance of body
mass. For adolescents with a lean, overweight or obese
nutritional status, the corresponding weight for height
was assigned to a normal nutritional status according
to the WHO growth standards.! IOM EER equations
require a specific physical activity coefficients, so
sedentary level for female and low activity for male
coefficients were used according to previous reports in
the Mexican population.’!® For protein, calcium and
zinc, the IOM estimated average requirement (EAR)
was used,'”!® adequate intake (AI) was used for fiber.!*
For iron, the Mexican recommended intake was used."

* INSP. Food nutrition value database. Compilation of the National
Institute of Public Health. (Unpublished), 2013.
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Prevalence of inadequacy (PI). The prevalence of the popu-
lation with inadequate intake was defined when the AP
was less than 100% of the EAR or AL For carbohydrates
it was considered PI if they provided less than 55% of
energy; for fat, less than 30% of energy was considered,"
as well as less than 7% of energy from saturated fat, at
least 10% for polyunsaturated fats and 13% for mono-
unsaturated fat."”

Geographic region. The country was divided into three
geographic regions as they were distributed in Ensanut
2012:1° North, Central and South. Mexico City was in-
corporated into the Central region.

Urban and rural areas. Locations with a population
>2 500 were classified as urban centers, and areas with
a population of <2 500 were considered as rural.
Household wealth index (HWI). A HWI was constructed
using Principal Components Analysis® with household
characteristics, goods and available basic services: ma-
terials used in the construction of the floor, walls and
roof, number of bedrooms, availability of water, posses-
sion of an automobile, number of domestic appliances
(refrigerator, washing machine, microwave, stove and
heater) and the number of electrical devices (TV, cable,
radio, telephone and computer). The first component
that achieved 40.5% of the total variance was selected
as the index, with an eigenvalue (lambda) of 3.24. HWI
was classified in tertiles.

Indigenous ethnicity. A household was considered in-
digenous when the household head stated that he/she
spoke an indigenous language.

Statistical analysis

The medians, 25 and 75 percentiles of intake and AP
for energy, macro- and micronutrients were estimated
through quartile regressions adjusted for age (intake
only), area, region and HW], taking into account sample
weights. Pls are described with frequencies and 95%
confidence intervals obtained using logit models ad-
justed for area, region and HWI. Data were analyzed
using STATA, Version 13.0. Population characteristics
and PIs were estimated using the SVY module for com-
plex surveys (Stata Co., College Station, TX).

Ethical considerations

Assent was obtained from the adolescents, as was in-
formed consent to participate in the study from their
parents or guardians. Protocol received prior approval
from the Institutional Review Board at the National
Institute of Public Health (INSP, in Spanish).
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Results

Data from 1 961 Mexican adolescents (12 to 19 years old)
representative of around 20.68 million are presented.
Two out of every three adolescents live in urban areas,
close to 50% in the Central region of the country, 11%
lived in indigenous households and 34% were over-
weight or obese (table I).

Energy and nutrient intake

The energy intake for male subjects was around 2 000
kcal/d. Males from rural areas consumed a greater
amount of carbohydrates and fiber and a lesser amount
of heme iron and vitamin A (table II) than those from
urban areas. A high intake of total fat was observed in
adolescents of both sexes in the North region (table III).
High HWI males had greater daily intake of energy, pro-
teins, total fat, monounsaturated fat, total iron, calcium,
zinc but lower intake of fiber compared to males with a
lower HWI (table IV).

The energy intake for females was around 1 800
kcal/d. Adolescents from the rural area consumed a
greater amount of carbohydrates (table II) compared to
their urban counterparts. Females from the Southern re-
gion had a lower intake of energy, saturated fat, polyun-
saturated fat, monounsaturated fat, carbohydrates, iron
and zinc when compared to the Central and Northern
regions (table IIT). Adolescents with a high HWI had
greater intake of total fat, saturated fat and heme iron.
Meanwhile, those from the lowest HWI tertile had a
lower intake of monounsaturated fat (table IV).

Adequacy percentage and prevalence of
inadequacy

In males, energy adequacy was around 80%. Nutrients
they consumed far above the recommendation were
protein and zinc. Males from urban areas had a lower
AP for fiber than males in rural areas. Young urban
males had greater PIs for fiber than their rural coun-
terparts. In females, energy adequacies were between
7 and 9% above the recommendation. Nutrients that
were far above the recommendation were: protein and
zinc. Females from rural areas had lower APs for total
fat but higher APs for carbohydrates when compared
to urban females. Urban females had lower PIs for total
fat and higher prevalences for monounsaturated fat and
carbohydrates than rural ones (table II).

Males from the Southern region (table III) had a
greater AP for protein. In turn, males in the North had a

salud puiblica de méxico [ vol. 60, no. 4, julio-agosto de 2018



Dietary intake in Mexican adolescents

ARTICULO ORIGINAL

Table |
CHARACTERISTICS OF MEXICAN ADOLESCENTS. MEXIco, ENsaNuT 2012

National Males Females
Expansion o o Expansion o Expansion o o
n (x 1 000) % (95%Cl) n (x 1 000) % (95%Cl) n (x 1000) % (95%Cl)

Residence area

Urban 1257 15084.7 729 (70.9-74.9) 649 85329 735 (70.1-76.6) 608 6551.7 72.2 (68.6-75.5)

Rural 704  5601.1 27.1 (25.1-29.1) 363 30785 26.5(23.4-29.9) 341 25226 27.8(24.5-31.4)
Geographic region

North 497 38463 186(17.1-20.2) 263 22095 19(16.6-21.7) 234 16367 18(15.5-20.9)

Central & Mexico City 827 10434.1 50.4 (47.9-53.0) 409 56257 485 (44.2-52.7) 418 48083 53 (48.6-57.4)

South 637 64054 31 (28.9-33.1) 340 37762 32.5(29.2-36.0) 297 26293 29 (25.4-32.8)
Household wealth index (HWI)

Low 638 5913 286 (25.8-31.6) 320 3277.7 282 (24.1-32.8) 318 26353 29(25.0-33.5)

Middle 660 68004 329 (29.7-36.2) 347 37893 32.6(28.2-374) 313 30111 33.2(285-382)

High 663 79723 385 (35.1-42.1) 345 45444 39.1 (34.3-44.2) 318 34279 37.8(32.9-42.9)
Ethnicity

Indigenous 225 2079  11.5(9.3-14.1) 116 12058 11.7 (9.1-15.3) 109 873.1 11 (8.1-14.7)

Non-indigenous 1518 160572 88.5 (85.9-90.7) 783 89634 88.1(84.7-90.9 735 70938 89 (85.3-91.9)
BMI/age classification

Underweight 32 3546  1.8(l.1-29) 21 2463 22(1.2-4.1) I 1082  1.3(0.6-2.5)

Normal 1179 125085 63.9 (60.5-67.1) 609 7 154.1 65.1 (60.6-69.3) 570 53544 623 (57.1-67.2)

Overweight 422 43472 22.2(194-25.3) 211 22875 20.8(17.3-24.8) 211 20597 24 (19.7-28.38)

Obese 246 23785 12.1 (10.0-14.6) 128 13032 11.9(9.3-15.0) 118 10752 125(9.3-16.7)

Expansion  _ ., Expansion  _ .o Expansion  _ .,
n (x 1 000) x (95%Cl) n (x 1 000) X (95%Cl) n (x 1 000) X (95%Cl)

Age, years 1961 206858 157 (15.6,15.9) 1012 116114 157 (154,15.9) 949 90743 158 (15.6,16.1)

lower AP for fiber and carbohydrates, as well as a higher
AP for total fat. Regarding PI, males from the North had
a lower PI for monounsaturated fat and higher PIs for
total fat and saturated fat. The energy PI was greater in
females from the South, who also had lower inadequa-
cies for total fat consumption. Adolescents from the
North of the country had the highest PI for fiber and
the lowest for monounsaturated fat and carbohydrates
(table III).

According to the recommendations, males from
high HWI had the highest adequacies for total fat and
calcium and the lowest adequacies for carbohydrates
(table IV). As with the above findings, males from the
high HWThad a higher PI due to excess intake of total fat
and lower inadequacies for protein, carbohydrates, zinc
and calcium than the middle and low HWI. Females with
ahigh HWI, had the highest AP for total fat; while those
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from lower HWIs had lower adequacies for calcium.
With regard to PIs, females from the high HWI group
had lower PIs for carbohydrates; those from lower HWI
groups had greater PIs for zinc and calcium (table IV).

Plain water (=800 g), dairy and non-dairy sweet-
ened beverages (males: 514 g, females: 466 g), fortilla,
wheat products, and fruits and vegetables (<270 g)
showed the higher intakes. In terms of energy, sweet-
ened beverages, sweetened cereals, candies, snacks,
desserts and fast food contributed with 37% of energy
intake (table V).

Discussion

This analysis of the dietary intakes of Mexican adoles-
cents showed high PIs of fiber, polyunsaturated fat, iron
and calcium; as well as high prevalences for intakes
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Table Il

ENERGY AND NUTRIENT INTAKE AND ADEQUACY BY SEX AND RESIDENCE AREA
IN MEXICAN ADOLESCENTS. MEXico, ENsaNuT 2012

Intake*

Energy, keal/d

Males Females
National Urban Rural National Urban Rural
Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75)

2021.6 (1 577.3-2533.3) 2006.7 (1 589.8-2 487.4) 2063 (I 542.7-2 660.4)

1802.7 (1 383.3-2 199) 1796.5 (1 358-2 193.4) | 819 (I 449.2-2213.5)

Protein, g/d 62.3 (47.3-78.1) 62.8 (48.4-77.3) 61 (44.3-80.1) 53.6 (41-68.4) 54.6 (40.8-69.4) 51 (41.7-65.7)
Fiber, g/d 23.7 (16.9-32.5) 22.4% (16.3-31) 27.3 (18.3-36.5) 21.1 (15.3-28.6) 204 (14.6-27.7) 228 (17.2:31.1)
Total fat, g/d 69.6 (52.2-88.1) 70.4 (52.8-87.8) 67.4 (50.3-88.9) 59.6 (46-76.5) 59.5 (47-77.2) 59.6 (43.3-74.7)
Saturated fat, g/d 26.6 (18.8-34.1) 27.3 (19-33.6) 24.8 (18.4-35.5) 23 (16.5-29.5) 23.5 (17.2-30.1) 21.6 (14.7-27.9)
Polyunsaturated fat, g/d 15.5 (11.6-20.7) 15.3 (11.1-20.5) 16.1 (12.7-21.1) 13.7 (10-183) 13.6 (9.8-18.3) 13.9 (10.5-18.4)
Monounsaturated fat, g/d 23.9 (17.3-30.1) 24.2 (17.7-30) 23 (16.2-30.5) 20.3 (14.9-26.2) 20.2 (15.6-26.8) 20.5 (13.3-24.6)
Carbohydrates, g/d 290.7 (224.4-371.6) 279.8% (224.5-359.7) 320.8 (224.1-404.6) 263.3 (196.1-322.2)  256.1% (188.6-316.5)  282.1 (215.5-336.8)
Iron, mg/d 12.3 (9.5-16.2) 122 (9.6-16.1) 124 (9.4-16.6) 1 (82-14.1) 109 (8.1-14) 11.3 (85-14.4)
Heme Iron, mg/d 0.7 (04-1.1) 0.7% (04-1.1) 0.6 (0.3-09) 0.6 (0.3-0.9) 0.6 (0.3-09) 0.5 (0.2-08)
Non-heme Iron, mg/d 11.6 (9-15.3) 115 (9-15.1) 11.7 (8.8-15.6) 10.3 (7.8-13.5) 10.1 (7.7-13.4) 10.6 (8.2-13.6)
Calcium, mg/d 953.6 (688.1-1216.8) 965.1 (711.5-1204.8)  921.6 (623.3-1250.1)  815.4 (617.6-1061.3) ~ 820.3 (629.6-1073.5) ~ 802.5 (586.2-1029.8)
Zinc, mg/d 103 (7.9-13.1) 103 (8.1-12.8) 102 (7.4-13.8) 9(69-11.4) 9(68-114) 9.1 (72-11.3)
Percent adequacy’
Energy 83.6 (65.1-106.5) 83.2 (65.2-105) 84.4 (64.8-110.7) 107.6 (82.4-136.9) 107 (80.3-137.3) 109.4 (87.9-135.9)
Protein 160.4 (123-203.8) 159.7 (127-201.3) 162.2 (111.9-210.9) 153.8 (115.8-196.3) 155.7 (116.4-199) 149 (114.4-189.2)
Fiber 66.7 (48.7-89.5) 63.4% (48.7-84.2) 75.6 (48.6-104.2) 81.2 (59.1-111.5) 78.6 (56.4-107.8) 88.1 (66-121.4)
Total fat 102.6 (88.2-115.2) 103.2 (89.4-116.1) 100.9 (84.9-112.6) 105 (88.5-116.2) 107.4% (90.4-117.6) 98.7 (83.4-112.6)
Carbohydrates 106.4 (96.5-114.8) 1055 (95.5-113.2) 1089 (99.1-119.1) 1063 (98-117) 1046 (96.7-1157) 1106 (101.4-120.2)
Iron 79.2 (59.3-104.7) 79.7 (59.5-104.5) 778 (58.8-105.5) 69.9 (50.1-96.2) 68.9 (49.9-95.8) 72.3 (50.7-97.3)
Zinc 126.6 (98.4-164.2) 127.4 (100.6-163.7) 124.6 (92.3-165.6) 124.6 (95.9-160.3) 124 (94.4-161.2) 126.4 (99.7-158.1)
Calcium (EAR) 88.6 (63.9-114) 88.5 (66.2-112.5) 88.7 (57.4-118) 77.8 (57-102.6) 77.9 (58.2-102.2) 77.6 (54-103.4)
Prevalence of inadequacy”, % %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl
Energy 68 (63.5-72.4) 68.7 (62.9-74.4) 66.2 (59.1-73.4) 43 (38.1-47.9) 44.4 (38.3-50.6) 9.5 (30.8-48.2)
Protein 12,6 (9.7-15.4) 109 (7.4-14.4) 164 (10.7-22.2) 17.8 (14.1-21.6) 19.1 (14.1-24.1) 5.3 (10.4-202)
Fiber 842 (81.3-87) 87.6% (84.2-91.1) 76.4 (70.6-82.1) 67.8 (62.9-72.7) 70.4 (64.2-76.7) 61.2 (53.8-68.6)
Total fat,230% E 56.3 (52.0-60.7) 58.7 (52.9-64.5) 50.2 (42.6-57.8) 57 (52.1-61.9) 60.9% (54.5-67.3) 47.2 (38.9-55.6)
Saturated fat, 27% E 92.1 (89.9-94.3) 94.4 (91.5-97.3) 94.4 (82.1-93.7) 90.9 (87.5-94.3) 93 (88.8-97.2) 93 (81.6-93.1)
Polyunsaturated fat, <10% E 89.7 (86.8-92.6) 90.2 (86.7-93.6) 90.2 (82.9-93.6) 92.8 (90.6-95) 93.6 (90.8-96.4) 93.6 (87.6-95.1)
Monounsaturated fat 83.1 (79.6-86.6) 82.6 (78.4-86.9) 82.6 (78.7-90.7) 82.7 (79.1-86.2) 81+ (76.5-85.4) 88.6 (83.5-93.7)
Carbohydrates, 255% E 64.2 (59.8-68.6) 62.7 (57.1-68.3) 69.1 (61.5-76.8) 65.8 (61.3-70.4) 63% (57.3-68.8) 748 (67.8-81.7)
Iron 70.6 (66.2-75.1) 70 (64.4-75.5) 72.7 (66.1-79.2) 787 (74.3-83.2) 78.2 (72.6-83.8) 80.6 (74.1-87.1)
Zinc 27 (22.9-31) 27 (21.3-32.7) 26.9 (20.4-33.5) 30.8 (25.9-35.8) 33.3(26.8-39.8) 25.5 (19.2-31.8)
Calcium, EAR 61.1 (57-65.2) 61.4 (56.3-66.6) 60.2 (53.1-67.3) 74.5 (70-79.1) 74 (68.3-79.8) 76.3 (69.7-82.9)

* Quartile regression adjusted by age, sex, area, region and HWI

* Statistically significant differences (p<0.05) between rural and urban area
§ Quartile regression adjusted by sex, area, region and HWI
#

Logit regression adjusted by sex, area, region and HWI
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ENERGY AND NUTRIENT INTAKE AND ADEQUACY BY SEX AND GEOGRAPHIC REGION
IN MEXICAN ADOLESCENTS. MExico, ENsaNuT 2012

Intake*

Energy, keal/d

Males Females
North Central & Mexico City South North Central & Mexico City South
Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75)

2080.1 (1 598.7-2 672) | 972.7 (1 548-2437.2) 2060.3 (I 608.6-2 595.1)

1991 (1 478.9-2 348.9) | 8524 (1 418-2231.8) | 594.6 % (1 260.4-2 045.7)

Protein, g/d 60.7 (46.2-78.3) 60.3 (46.5-77.2) 66.1 (49.3-79.3) 54.1 (44.6-71) 549 (41.6-69.7) 50.8 (37.8-64.3)
Fiber, g/d 20.4%$ (15.2-29.2) 24.8 (17.7-31.6) 23.9 (16.5-35.8) 19% (14.2-25.4) 22.3 (16.2-30.1) 202 (14.4-28)
Total fat, g/d 77.2% (56.5-96.4) 66.1 (50.5-84.2) 70.4 (52.1-89.1) 71.1%5 (55-92.5) 60.3 (46.7-77.3) 51%(38.9-65.1)
Saturated fat, g/d 27.8 (21.2-387) 262 (18.2-32.4) 26.7 (18.4-34) 26.5 (20.3-35.2) 235 (16.2-29.4) 19.9 5% (14.7-26)
Polyunsaturated fat, g/d 16.9 (12.5-21.8) 14.4 (10.8-19.8) 164 (12.2-21.3) 144 (11-20.2) 144 (10.2-18.5) 11.9 5 (8.8-16.8)
Monounsaturated fat, g/d 26.9+8 (19-33.6) 23 (16.6-28.4) 23.6 (17.4-30.7) 24.645 (18.4-31) 209 (14.9-26.8) 16.5% (12.8-22.2)
Carbohydrates, g/d 2854 (211.6-361.4)  292.5 (225.2-370.8) 291 (230.8-378.8) 277.9 (198.9-333.3)  271.9 (201.3-330.6) 238.5 5% (184.9-299.9)
Iron, mg/d 12.5 (9.6-16) 11.9 (9.4-16.2) 127 (9.7-16.5) 12 (9.2-153) 1.5 (8.2-14.4) 9.65% (7.6-12.7)
Heme Iron, mg/d 0.9%5 (0.4-1.3) 0.6 (0.3-1) 0.6 (0.4-1) 0.7 (0.4-1) 0.6 (0.3-0.9) 0.5 §%(0.3-0.8)
Non-heme Iron, mg/d 1.5 (9-14.9) 114 (9.1-15) 12 (8.9-15.8) 1.1 (8.6-14.1) 10.6 (7.8-14) 9.15% (7.4-12.1)
Calcium, mg/d 883.9 (620.7-1140.8)  969.1 (708.8-1237.4)  971.3 (696.7-1230.6) 803.3 (620.8-1038.6)  869.3 (658.9-1081.9) 724.3% (539.9-1037.8)
Zinc, mg/d 10 (7.6-13.1) 10.2 (7.9-13.1) 10.5 (8.1-13) 9.8 (7.6-12) 93 (7.1-11.7) 7.9 (6.2-10.3)

Percent adequacy®
Energy 82.8 (64-108.3) 83 (64.4-103.6) 84.8 (66.8-109.9) 118 (86.4-142.6) 110.1 (84.2-138.2) 96.6 5% (76.8-130.9)
Protein 152.4 (118-199.7) 154.1 (124-200.1) 174.35% (124.4-211.7) 156.5 (126.6-202.1) 1549 (117.3-199.6) 150.1 (106.5-186.5)
Fiber 57.5%5 (41.5-78.7) 70.1 (51.3-88) 67 (49-98) 74.9 (55-98.3) 86.2 (62.7-117) 76.1 (54.8-109.8)
Total fat 1094+ (95.8-105.9) 100.1 (85.1-115.6) 102.4 (88.3-121.6) [15.1¥8 (101.5-127.7) 1048 (86.7-116.2) 99.1 (83.6-109)
Carbohydrates 10254 (93.1-110.7) 106.9 (97.5-116.2) 108 (96.9-115) 99.74§ (92.3-110.2) 106.8 (97.9-117.3) 109.5 (101.6-120.5)
Iron 81.3 (60.5-103) 76.8 (57.7-103.6) 81.5 (61.1-107.5) 81.3# (55.2-107.2) 69.7 (51.3-96.8) 63 (44.8-88.3)
Zinc 124.9 (93.1-158.8) 126.4 (101.3-166.9) 128 (97.3-163.4) 139.4 (106-172.3) 128.2 (97.5-164.3) 108.9 5# (86.7-145.7)
Calcium (EAR) 81.9 (56.3-109.5) 90.3 (65.7-115) 89.9 (65.6-114.9) 76.8 (58.1-101.2) 82.1 (60.6-105) 70.7% (49.8-98.9)

Prevalence of inadequacy,” % %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl
Energy 68.2 (60.7-75.7) 70.3 (62.8-77.9) 64.5 (57-71.9) 31.5(24.2-38.8) 40.5 (32.6-48.4) 54.8%% (46.5-63.1)
Protein 14.4 (8.6-20.2) 12.7 (7.8-17.7) 11.7 (7.9-15.4) 13.7 (7.9-19.4) 164 (10.3-22.4) 22.5% (16.5-28.5)
Fiber 915 (86.3-95.8) 85.9 (81.8-90.1) 78.8 (72.4-85.2) 82.2+§ (75.7-88.7) 63.2 (55.1-71.4) 67.4 (59.6-75.2)
Total fat, 230% E 7445 (67.6-81.2) 49.6 (42.4-56.9) 56.5 (49.5-63.5) 78.1%5 (71.8-84.4) 56.8 (49.2-64.4) 44.8% (35.8-53.9)
Saturated fat, 7% E 98.6+ (97.2-100) 90.6 (86.6-94.5) 91.4 (87.4-95.4) 96.5 (93-100.1) 89.8 (83.7-95.9) 90.3 (86.3-94.2)
Polyunsaturated fat, <10% E 88.8 (83.8-93.8) 90.2 (85.6-94.7) 89.5 (84.6-94.4) 88.5 (82.3-94.6) 95.1 (92-98.1) 91.5% (88.1-95)
Monounsaturated fat 67.6%5 (60.2-75) 87.5 (82.3-92.8) 86 (80.1-91.9) 68.148 (61.1-75) 83.8 (78.1-89.5) 91.2 (87-95.5)
Carbohydrates, =255% E 57.5 (50.1-64.9) 66.6 (59.6-73.7) 64.5 (56.7-72.3) 53.3%5 (45-61.6) 65.7 (58.6-72.8) 75.5 (68.4-82.6)
Iron 70.8 (64.2-77.5) 71.6 (64.1-79.2) 68.9 (61.8-75.9) 69.8 (61.7-78) 78 (70.7-85.3) 86.7% (80.6-92.7)
Zinc 30.7 (23.7-37.6) 27.2 (19.9-34.5) 249 (18.5-31.4) 22.4 (16-28.9) 272 (19-35.3) 41.8% (33.8-49.9)
Calcium (EAR) 67.3 (60.9-73.6) 59.7 (52.9-66.4) 59.5 (52.2-66.8) 75.1 (68.7-81.4) 72.5 (65.1-80) 787 (72-85.4)

* Quartile regression adjusted by age, sex, area, region and HWI

¥ Statistically significant differences (p<0.05) between north and Central-Mexico City region

§ Statistically significant differences (p<0.05) between North and South region

# Statistically significant differences (p<0.05) between Central-Mexico City and South region

& Quartile regression adjusted by sex, area, region and HWI

* Logit regression adjusted by sex, area, region and HWI
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Table IV

ENERGY AND NUTRIENT INTAKE AND ADEQUACY BY SEX AND HOUSEHOLD WEALTH INDEX
IN MEXICAN ADOLESCENTS. MEXico, ENsaNuT 2012

Intake"

Energy, keal/d

Males Females
Low Middle High Low Middle High
Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75) Median (p25-p75)

1 821.5 (1 412.4-2401.4) 2 070.2 (I 566.1-2 577.1) 2 125.4 (I 705.6-2591.8) | 682.9+ (1 217.4-2 115.4) | 827.2 (1 372.7-2 187.1) | 873.3 (I 520.3-2 273.7)

Protein, g/d 54.6+% (42.9-68.4) 62.3 (46.5-76.4) 67.8 (51.2-86.4) 48.1% (35.7-64.4) 52.6 (39.4-68.8) 58.7 (46.6-71.1)
Fiber, g/d 24.6¢ (168-349) 243 (16.2-33.9) 225 (17.4-29.5) 21 (13.9-30.9) 209 (15-28.2) 213 (16.7-27.2)
Total fat, g/d 61.6% (42-77.2) 672 (51.6-86.8) 775 (60-97) 52.5 (40.6-74.3) 58 (44.5-71.1) 6634 (51.3-82.9)
Saturated fat, g/d 21.7 (14.9-27.8) 24.6 (18.3-33.3) 31.9%%(22.2-39.4) 19.9 (13.9-27.2) 21.5 (16.3-28.8) 26.8+% (18.7-31.9)
Polyunsaturated fat, g/d 143 (9.8-19.7) 15.8 (12-21.3) 16.2 (12.4-20.9) 13.1 (9.6-18.3) 13.3(9.7-182) 14.5 (10.5-18.5)
Monounsaturated fat, g/d 20.3+8(14.2-25.3) 23.5 (17.1-30.2) 26.9% (19.7-33.5) 17.54 (13.1-24.4) 20.2 (13.8-25.9) 22.6% (17.3-27.9)
Carbohydrates, g/d 273.6 (216.4-364.1) 301.3 (222.7-396.6) 294.2% (231.6-356.2) 255.2 (178.8-325.8) 260.1 (195-333) 272.3 (210.4-309.9)
Iron, mg/d 11.1% (83-152) 12 (9.6-15.8) 13.3 (10.4-17.3) 10¢ (7.3-13) 10.7 (7.9-13.9) 121 (9.2-15.1)
Heme Iron, mg/d 0.4 (0.2-0.8) 0.7 (03-1.1) 08 (0.5-12) 04(02-0.7) 0.5 (0.2-08) 0.85 (0.5-1)
Non-heme Iron, mg/d 10.8% (8.1-14.6) 11.3 (8.8-14.7) 124 (9.8-16.2) 9.2+ (7-12.5) 10.1 (7.7-13.4) 112 (8.7-143)
Calcium, mg/d 7944 (605.2-10165)  877.8 (654.5-1179.7)  1131.6%* (775.9-1392.4)  681.1%§(523.7-9187) 8253 (603.3-1085.3)  909.9 (702.2-1149.9)
Zinc, mg/d 9.4t (7-115) 10.1 (7.9-12.8) 11 (8.6-14.4) 8t (6-10.7) 89 (69-11.5) 9.9 (7.7-11.7)
Percent adequacy®
Energy 77 (59.9-105.5) 84.6 (64.3-108.9) 87.4 (69.5-105.3) 101.8 (74.4-132.9) 110.2 (83-137.2) 109.9 (88.1-139.8)
Protein 143.9% (118.8-186.9) 162.2 (117.2-204.3) 170.6 (130.8-215.7) 140.7% (108.2-184.8) 153.4 (110.5-201.5) 164.2 (126.5-200.5)
Fiber 71.9 (49.6-96.1) 66.6 (49.2-91.2) 63 (47.6-83.3) 82.3 (54.7-119.8) 80.9 (57.5-110.5) 80.6 (63.8-106.1)
Total fat 92.848 (77.6-105.9) 101.7 (86.8-115.6) 110.4% (97-121.6) 102.3 (87-113) 102.7 (85-114.1) 109.1%# (92.7-120.4)
Carbohydrates 112.2 (101.5-121.4) 108.2 (97.3-116.2) 100.7+# (92.2-108.8) 108.9 (100.6-118.6) 108 (99.2-119) 102.8%% (94.9-113.9)
Iron 728 (51.2:95.1) 78.9 (60.8-102.8) 84.1 (63.9-1133) 64.3% (47.1-89.9) 68.7 (48.9-91.4) 75.1 (53.5-105.3)
Zinc 118.8 (90.1-150.7) 121.9 (95.6-163.5) 136.1% (106.8-174.5) 111.4% (81.1-150.7) 123.9 (94.5-166.7) 135.5 (108.5-162.2)
Calcium (EAR) 70.6 (55.5-94.2) 83.2 (62.6-112.7) 106+ (71-129.3) 63.3+ (48.7-86) 77.8 (55.6-103) 89.1 (64.6-115)
Prevalence of inadequacy,” % %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl %-95%Cl
Energy 68.7 (59.6-77.7) 64.4 (56.2-72.6) 70.5 (63.4-77.7) 48.7 (39.3-58.1) 434 (35.2-51.5) 38.3(29.3-474)
Protein 164 (9.7-23) 155 (9.8-21.2) 74 (3-10.9) 23.3% (16.3-30.4) 202 (12.6-27.7) 113 (5.9-16.6)
Fiber 81.9 (76.2-87.7) 85 (79.8-90.2) 85.9 (80.8-91) 67 (57.9-76) 672 (58.7-75.7) 69 (59.5-78.4)
Total fat,230% E 37.3% (28.4-46.1) 51.9 (44.1-59.6) 74.5% (67.5-81.6) 53.5 (44.7-62.3) 53.2 (44.1-62.4) 63.3 (54.3-72.4)
Saturated fat, 27% E 88.8 (82.9-94.7) 91.8 (87.4-96.1) 96.3 (92.3-100.3) 85.4(79.3-91.4) 92.2 (85.5-98.8) 95.6 (89.9-101.4)
Polyunsaturated fat, 7% E 91.4 (87.1-95.7) 88.6 (83.9-93.3) 89.3 (83.7-94.8) 905 (85.6-94.4) 91 (85.8-96.3) 97 (94.9-99.1)
Monounsaturated fat 87.2 (81.5-92.9) 85.5 (80.9-90.2) 78.6 (71.9-85.2) 84.2 (76.9-91.4) 84 (78.2-89.9) 80.8% (74-87.7)
Carbohydrates, 255% E 76.6 (69.2-84) 706 (63.2-78) 50,45 (42.5-58.2) 74.2 (65.9-82.5) 71.4 (63.9-78.9) 55,94 (46.7-65.1)
Iron 77.7 (70-85.5) 702 (62.2-782) 65.9 (58.1-73.7) 82.8 (73.8-91.8) 81.7 (75.3-88.2) 738 (65.5-82.1)
Zinc 41.94 (29.8-54) 27.6 (20.8-34.4) 16.1% (10.6-21.6) 43.74 (34.6-52.8) 29.7 (21.4-38.1) 21.4 (13.2-29.6)
Calcium (EAR) 784+ (70.5-86.3) 65.5 (58.2-72.7) 44.8% (36.7-52.9) 85.6%8 (77.6-93.7) 73.4 (65.7-81.1) 67.8 (59.3-76.3)

o W e %

Quartile regression adjusted by age, sex, area, region and HWI
Statistically significant differences (p < 0.05) between low and high socioeconomic status
Statistically significant differences (p < 0.05) between low and middle socioeconomic status
Statistically significant differences (p < 0.05) between middle and high socioeconomic status
Quartile regression adjusted by sex, area, region and HWI
Logit regression adjusted by sex, area, region and HWI
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Table V
INTAKE AND ENERGY CONTRIBUTION OF FOOD GROUPS
IN MEXICAN ADOLESCENTS. MExico, ENsaNuT 2012

Males Females

Intake (g)* Energy (Kcal)* Intake (g)* Energy (Kcal)*
Corn products 13.5 (10.6-16.5) 223 (17.3-272) 13.5 (9.9-17) 22.1 (16.2-27.9)
Tortilla 190.5 (175.8-205.2) 424.8 (392.4-457.1) 149 (135.9-162) 331.6 (302.8-360.4)
Legumes 63.1 (57-69.2) 64.2 (57.9-70.4) 55 (48.3-61.8) 54.9 (48.4-61.5)
Wheat products 92.7 (85.3-100.2) 217.9 (199.6-236.1) 85.2 (78.3-92.1) 200.2 (183.9-216.5)
Sweetened cereals 47.1 (42.7-51.4) 203.3 (184.4-222.2) 39.4 (35.1-43.8) [71.1 (152.1-190.1)
Ready to eat cereals with fiber 0.1 (0-0.2) 0.4 (0.1-0.7) 0.4 (0.1-0.7) 1.5 (0.5-2.4)
Other cereals and roots 31.9 (29-34.8) 46.2 (41.9-50.6) 36.9 (32.2-41.7) 52.8 (46.3-59.3)
Fruits 150.8 (136.7-164.8) 88.8 (80.6-97) 136.6 (121.5-151.6) 79.2 (70.9-87.6)
Vegetables 126.2 (116.2-136.1) 52.9 (48.4-57.4) 132.1 (118.2-146.1) 55.5 (49.7-61.2)
Meats 29.5 (26.1-32.8) 65.4 (58-72.7) 23.6 (20.5-26.6) 52.5 (45.8-59.2)
Processed meats 134 (11.7-15) 242 (21.3-27.1) 112 (9.8-12.6) 203 (17.7-22.9)
Chicken, fish and shellfish 18.4 (16.3-20.5) 34 (30.2-37.8) 20 (17.4-22.5) 36.9 (32.1-41.7)
Alcoholic beverages 24.3 (15.8-32.9) 41.7 (27-56.5) 6.1 (3.2-9.1) 10.5 (5.5-15.6)
Low-fat dairy 24.1 (14.7-33.5) 34 (28.2-39.7) 22.1 (16.5-27.7) 33.9 (28.9-38.9)
Whole dairy and egg 145.1 (127.4-162.9) 145.6 (133.5-157.7) 127.3 (109.5-145.1) 120.2 (108-132.5)
Fats 5.1 (3.7-6.5) 19.2 (16.2-22.1) 5.4 (3.6-72) 19.2 (16.1-22.3)
Candies, salty snacks and desserts 51.7 (47-56.4) 165.4 (152.2-178.6) 57.1 (52.3-62) 166.4 (153.6-179.3)

Sweetened beverages

396.8 (363-430.6)

165.5 (150.9-180)

355.5 (319.7-391.3)

146.6 (132.4-160.8)

Non-sweetened beverages 166 (139.9-192.2) 247 (20.8-28.6) 169.9 (136-203.8) 24.5 (20.1-29)
Plain water 814.9 (754.9-875) 0(0-0) 824.6 (745.6-903.6) 0(0-0)
Sweetened low fat dairy beverages 92 (3-15.3) 49 (2-79) 54(23-84) 34(15-53)
Sweetened whole dairy beverages 108.4 (90-126.9) 79.1 (66.5-91.6) 106 (87.5-124.5) 80.6 (66.1-95)
Fast food and fried Mexican dishes 58.5 (50.3-66.7) 141.9 (121.7-162.1) 44.1 (38-50.3) 107.9 (93-122.7)

* Mean (95%Cl)

above the recommendations for total fat, saturated fat
and carbohydrates. Inadequacies were more often ob-
served in adolescents with low HWI, in the rural areas,
and in the Southern region.

Similar results were found in adolescents in the
2005 and 2006 NHANES for calcium.? As was seen in
a state in Brazil, there was inadequate consumption of
calcium (>95%), and small differences by gender.”> The
mean energy intake was 1 869 kcal for female and 2 198
kcal for male. Of the total energy consumption reported,
57% was from carbohydrates, 27% from lipids and 16%
from proteins (37%).

According to the NHANES, average fiber consump-
tion in children/adolescents was 13.2 (+ 0.1) g/d.* In
our study, the average intake was 23.7 g/d in male and
21.2 g/d in female. Although this is greater, it is still
insufficient to satisfy the requirement.

salud puiblica de méxico | vol. 60, no. 4, julio-agosto de 2018

According to the 2006 National Health and Nutri-
tion Survey (Ensanut 2006),® there was no significant
increase in energy intake for both genders over the last
six years. Lower intakes were found in the rural area,
the South and among adolescents in the low HWI for
iron, zinc and calcium. The adequacy for key nutrients in
Mexican adolescents is a fundamental factor for growth
and development that may have effects on reproduction
and health in adulthood, as well as on the risk of chronic
diseases?*® and effects on health in future generations.!

According to Ensanut 2006,° the national prevalence
of anemia in adolescents was 5.6% (95%CI 4.9-6.4), and
it was greater in females (7.7%) than in males (3.6%). In
our analysis, there were significant differences in PI for
iron in the North and South regions in females, which
may suggest low intake of sources of heme iron and
the presence of non-heme iron absorption inhibitors.
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Previous publications indicate that the Mexican diet has
a low bioavailability of iron (7.5%) with a high amount
of iron absorption inhibitors such as phytates, which are
found in significant amounts in maize, which is a basic
staple food in the Mexican diet.?®

Consumption by food groups gives a possible ex-
planation about the high consumption of saturated fats,
which could be due to a higher consumption of whole
dairy than low-fat dairy. The inadequacy in fiber intake
could be related to a lower consumption of fruits and
vegetables which were found below recommendations.”
Also, we found a high energy contribution of sweetened
or high fat content food groups, including sweetened
beverages which were consumption above the recom-
mendation.?® On the other hand, the consumption of
plain water and non-sweetened beverages was below
the recommendation.

This analysis has some limitations, primarily those
derived from the instrument used to measure dietary
intake since it was a 7-day SFFQ. Because the period is so
short, the season of the year may affect the results; how-
ever, the national survey was carried out over a 7-month
period (October 2011 to April 2012), so the intake includes
a large part of the year on a national level. Although the
list of foods included in the questionnaire includes those
that cover the diversity of the Mexican diet, it is possible
that there is under-reporting of some foods that are highly
consumed in some regions or states in the country. It is
also possible that the reported intake is affected by factors
such as memory, nutritional status and gender.*

Underestimations of nutrient adequacies ranging
from 1 to 12% were found between the entire sample
and those that reported a plausible intake —consid-
ered as those within + 1 standard deviation from the
mean energy adequacy (data not shown)-. The high
prevalence of energy inadequacy (68% for males and
43% for females) should be taken with caution, since
underestimation and underreporting of energy intake
(up to 38%) is a known limitation of the SFFQ.3!

Conversely, some of the strengths of this study are
derived from the design of the survey and its represen-
tativeness on different levels. Denova and colleagues'!
reported an acceptable correlation between the FFQ
and a 24-hour recall with a replicate questionnaire in a
subsample of Ensanut 2012.

In conclusion, the diet of a representative sample
of Mexican adolescents revealed insufficient intakes of
some nutrients that are essential for optimal health and
an excessive intake of saturated fat. Actions are needed
to promote a healthy diet in this population.
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