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Abstract

Objective: to estimate energy, nutrient intake and diet adequacy in preschool-aged children based on data from the Mexican National Health
and Nutrition Survey 2012,

Material and methods: dietary data in children < 5 years (n = 1,212) collected through a Semi-quantitative Food Frequency Questionnaire
(SFFQ) were analyzed. Energy and daily nutrient intakes and adequacies were calculated comparing by sociodemographic characteristics.

Results: median daily energy intake was 1,252 kcal (adequacy 104%). Adequacies above 100% were observed for calcium, zinc, vitamin C,
folate, vitamin B12, vitamin A and median of saturated fat. Low percent adequacies were observed for fiber, iron, polyunsaturated fat and vitamin
D. Intakes were lower in the southern region compared to other regions. Most intakes and adequacies were higher in urban compared to rural
areas, but fiber had the opposite trend. Indigenous children had low intakes and percent adequacies.

Conclusions: risks of dietary deficiencies and excess are present in Mexican preschool-aged children, with marked differences across socio-
demographic strata.

Resumen

Objetivo: estimar la ingesta de energia, nutrimentos y adecuacion de la dieta de preescolares mexicanos de la Encuesta Nacional de Salud y
Nutricién 2012.

Material y métodos: se recogieron los datos dietéticos de nifios < 5 afios (n = 1.212) a través de un cuestionario semicuantitativo de fre-
cuencia de consumo de alimentos (CSFCA). El consumo y la adecuacion de energia y nutrimentos fueron calculados segun las caracteristicas
sociodemograficas.

Resultados: la mediana de ingesta de energia fue de 1.252 kcal (adecuacion 104%). Se hallaron adecuaciones mayores al 100% para calcio,
zinc, vitamina C, folato, vitamina B12, vitamina A y mediana de grasa saturada. Se observaron adecuaciones bajas para fibra, hierro, grasa
poliinsaturada y vitamina D, e ingesta menor para la region sur comparada con otras regiones. Las ingestas y adecuaciones fueron mas altas en
area urbana en comparacion con el rea rural, excepto para fibra. Los nifios indigenas presentaron ingestas y adecuaciones bajas.

Conclusiones: la dieta de nifios preescolares mexicanos presenta riesgo de deficiencias y excesos, con marcadas diferencias entre estratos
sociodemograficos.
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INTRODUCTION

A series of nationally representative health and nutrition surveys
(1988, 1999, 2006, 2012) have shown a “polarized model of
nutrition transition” in Mexico (1) characterized by a rapid increase
in nutrition-related non-communicable diseases, a reduction of
infectious diseases (2), excessive energy intake and reductions
in physical activity (3). However, recent studies have shown that
micronutrient deficiencies and iron deficiency anemia are still sig-
nificant public health problems, affecting the most vulnerable age
and gender groups (4). The consequences of nutrition deficiencies
during childhood lead to growth retardation, decreased learning
capacity and impaired immune response. Additionally, under-nou-
rishment is causally related to a higher risk of chronic disease in
adulthood (5). The coexistence of excess and deficiency conditions
complicates the epidemiologic overview in Mexico.

Nowadays, public health decision-makers have to deal with
both sides of malnutrition and this is the greatest challenge the
public health system in Mexico has to overcome.

The objective of this paper is to estimate and compare energy
and nutrient intake and dietary adequacy according to biological,
social and nutritional characteristics in a nationally representative
sample of Mexican children aged one to four years of age.

MATERIAL AND METHODS

POPULATION AND SAMPLE SIZE

Data for this analysis were obtained from the Mexican National
Health and Nutrition Survey 2012 (ENSANUT-2012 by its Spanish
acronym). The ENSANUT-2012 was developed from October 2011
to May 2012. This included a probabilistic sample of 50,000 hou-
seholds representative at national, regional and state levels. The
sampling framework for selecting the households was provided
by the National Institute of Statistics, Geography and Informatics.
The study population for the present analysis included preschool
aged children, age range 1-4 years.

DIETARY INFORMATION

A random subsample of approximately one-sixth of the 50,000
total households participating in ENSANUT-2012 was selected
(6). Dietary information was obtained for 1,338 children from
one to four years of age. Standardized personnel administered a
semi-quantitative food frequency questionnaire (SFFQ) to women
or caregivers. The questionnaire included 140 food items clas-
sified in 14 groups (dairy products; fruits; vegetables; fast food;
meat, sausages and cold cuts; fish and seafood; legumes; cereals
and tubers; corn products; beverages; snacks, candies and des-
serts; soups and creams; condiments; corn tortillas). The inter-
viewers asked for the days of the week, times of the day, portion
sizes and total portions consumed for each food item during a
seven-day period before the interview.
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ETHICS

Informed consent was obtained from parents or guardians
in order to participate in the study. The protocol was previously
approved by the Research Ethics Committee and Committee on
Biosafety and Research at the National Institute of Public Health,
Mexico.

OUTCOME VARIABLES DEFINITIONS
Intake

The estimated quantity of energy, fiber, and macro and micro-
nutrients was calculated using food composition tables compiled
by the INSP. The methodology and procedures have been des-
cribed by Ramirez-Silva | et al. (7).

Energy intake, carbohydrates, proteins, lipids, fiber, vitamins A,
C, B12, and D, folates, total iron, heme iron and non-heme iron,
zinc, calcium and types of fats were reported.

Intake adequacy percentages

The percentage of energy adequacy was estimated based on
the Estimated Energy Requirement. For carbohydrates and fat,
55% and 30%, respectively, of the energy derived from those
macronutrients was used as adequacy values (7,8).

The adequacy of protein, zinc, vitamin C, vitamin B12, vitamin
D, retinol equivalents and folates was calculated according to
age as a percent of the Estimated Average Requirement (8-12).

For calcium and fiber, the adequate intake value was used since
the estimated average requirement value has not been calculated
due to lack of information (7,13).

OTHER VARIABLES FOR ENSANUT-2012
ANALYSES

Country regions

The country was divided into three regions: North (Baja Cali-
fornia, Baja California Sur, Coahuila, Chihuahua, Durango, Nuevo
Leon, Sonora, Tamaulipas); Mexico City/Central (Aguascalientes,
Colima, Estado de México, Guanajuato, Jalisco, Michoacan, More-
los, Nayarit, Querétaro, San Luis Potosi, Sinaloa, Zacatecas, Mexi-
co City); and South (Campeche, Chiapas, Guerrero, Hidalgo, Oaxa-
ca, Puebla, Quintana Roo, Tabasco, Tlaxcala, Veracruz, Yucatan).

Area of residency
The area of residency was classified according to the number

of inhabitants, considering those with 2,500 or more people as
urban, and those with < 2,500 as rural.
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Nutritional status

Data on length/height and weight were transformed to Z-scores
using the World Health Organization (WHO) reference pattern (14).

Indigenous ethnicity

A child was classified as indigenous when the head of the
household self-reported as a speaker of an indigenous language.

Social programs

This variable considers the food programs included in the sur-
vey in which the beneficiary was the child or from which the child
indirectly benefitted.

Socioeconomic status

It was constructed using principal components analysis with
variables of housing and availability of goods and services. The
first component explained 40.5% of the variance with a value
(lambda) of 3.24 was selected as the index. The index was further
divided into low, middle and high.

STATISTICAL ANALYSIS

One hundred and twenty-six observations were excluded, accounting
for 9.4% of the original sample, for not having plausible information.

A. Jiménez Aguilar et al.

The median intake and adequacy was estimated using quantile
regression models because the quantile regression aims at esti-
mating the conditional median of the response variable. After the
bivariate analysis, the selected variables to be adjusted were age
(continuous), socioeconomic status, region and area of residence.
We also estimated inter-quartile range from marginal effects after
quantile regression for comparison across the categories of interest.
For categorical variables, differences in percentages were analyzed
by Z test, and p values < 0.05 were considered as significant.

All estimations were weighted by expansion factors, and adjus-
ted for design sampling (cluster and strata) effects using the STA-
TA software SVY module for complex surveys (STATA version 13.0,
2013. College Station, TX: Stata Corp LP). A statistically significant
level of 0.05 was used.

RESULTS

The study population consisted of 1,212 children aged one to
four. Fifty-one percent were boys and the mean age was 3 + 1.1
years. Just over 25% of preschoolers had some type of malnu-
trition. Close to 10% of the children were of indigenous ethnicity
and more than 50% were beneficiaries of social programs. About
half of the population lived in the Mexico City/Central region and
more than two thirds lived in urban areas (Table ).

INTAKES AND ADEQUACY PERCENTAGES

Nationally, the percent adequacy for energy and carbohydrate intake
was close to 100% and it was above 100% for fat (110.1%), calcium
(144.1%) and folate (160.1%). Adequacies well above 100% were

Table I. Characteristics of 1 to 4-year-old children. National Health and Nutrition Survey 2012. Mexico

. Expansion o
Characteristics Sample (n) O %o
Sex Boys 576 4,080.8 51.1
Girls 636 3,903.2 48.9
1 255 1,621.3 20.3
Age.y 2 338 2,230.4 27.9
3 323 2,074.2 26.0
4 296 2,058.0 25.8
Stunting (< -2 H/A Z-score) 169 1,014.7 13.8
Nutritional stats, yes Underweight (< -2 W/A Z-score) 25 149.3 2.0
’ Wasting (< -2 W/H Z-score) 12 64.3 09
Overweight (> +2 W/H Z-score) 107 632.5 8.6
Indigenous ethnicity, yes 144 7751 9.7
North 235 1,574.6 19.7
Region Central and Mexico City 506 3,800.5 47.6
South 471 2,608.8 32.7
Urban 742 5,648.1 70.7
Area
Rural 470 2,335.9 29.3
Social programs, yes 639 3,910.0 61.7

Analysis by complex design survey. All children, n = 1,212. Nutritional status, n = 1,132. Social programs, n = 977.
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observed for protein (342.6%), zinc (250.8%), vitamin C (645.1%),
vitamin B12 (333.9%), vitamin A (258.1%) and saturated fat (238.3).
Low percent adequacies were observed for fiber (57.5%), iron (71.9%),
polyunsaturated fat (74.6%) and vitamin D (11.7%). Adequacies for
energy, calcium, zinc and vitamin C were higher in children aged one
to two years compared with children three to four years of age, except
for fiber, which was higher among the older children (Table Il).
Intakes were lower in the South region compared to the
other regions except for fiber, which presented the lowest

intake in the North compared to the South region. Also, the
lowest adequacies for energy, iron and vitamin D were obser-
ved in the South region. Most intakes were higher in urban
compared to rural areas, as proteins, folate and saturated fat
(Table 1)

For most macro and micronutrients, indigenous children had
lower intakes and percent adequacies, compared to non-indige-
nous children, except for fiber which was slightly higher among
indigenous children (Table V).

Table Il. Intake and percent adequacy of intake in 1 to 4-year-old children, national and by
age groups. National Health and Nutrition Survey 2012. Mexico

Boys and girls National 12y Age groups 34y
S Median (P25, P75) Median (P25, P75) | Median (P25, P75)
Energy, keal 1,252.3 (938.8,1,557.7) 1,096.2 (803.9,1,415.5) 1,355.1 (1,054.1,1,710.4)
Carbohydrates, g 165.8 (124.1,215.5) 150.6 (105.7,194.8) 185.8 (139.9, 235.1)
Dietary fat, g 43.8 (31.5,56.7) 39.1% (26.9,52.1) 48.5 (35.6,62.9)
Protein, g 40.3 (29.4,51.3) 35.5¢ (25.8,48.1) 43.1 (33.3,54.7)
Dietary fiber, g 1.7 (8.0,16.0) 10.3* (6.4,14.8) 13.0 (9.1,17.1)
Sugars, g 83.5 (65.1, 109) 80.5* (48.3,105.4) 87.1 (62.1,112.1)
Calcium, mg 811.7 (537.6,1,103.5) 759.3¢ (473.8,1,043.3) 859.9 (580.6, 1,192.6)
Iron, mg 76 (5.3,11.4) 7.1t 4.7,11.0) 8.2 (5.9,11.7)
Heme iron, mg 0.223 (0.105, 0.374) 0.174% (0.068, 0.309) 0.258 (0.137,0.432)
Non-heme iron, mg 7.3 (5.1,10.9) 6.8* (4.5,10.7) 7.9 (65.8,11.2)
Zinc, mg 7.0 (65.1,9.6) 6.7 (4.5,9.2) 7.5 (5.7,10.0)
Vitamin C, mg 96.7 (56.7,146.9) 97.3 (53.0,152.7) 97.0 (59.6, 143.0)
Folate, mcg 2122 (146.9, 297.5) 184.6 (128.6, 266.7) 236.1 (164.5,311.3)
Vitamin B12, mg 2.6 (1.6,3.8) 2.3 (1.3,3.3 2.8 (1.9,4.1)
Vitamin A, mcg ER 583.3 (380.9,834.9) 570.3 (356.2, 792.6) 593.9 (416.2, 868.6)
Vitamin D, IU 46.8 (27.2,94.9) 46.5 (24.7,102.0) 47.7 (29.1, 83.0)
Saturated fat, g 19.4 (13.7,25.8) 17.8 (12.0,23.4) 21.4 (15.1,28.1)
Polyunsaturated fat, g 8.0 (5.7,11.3) 7.0 (4.9,10.0) 9.0 (6.4,12.5)
Percent adequacy
Energy 1041 (79.5,134.1) 107.8* (81.4,138.6) 101.3 (78.6,128.9)
Carbohydrates 101.1 (92.8,109.2) 101.3 (92.2,109.7) 100.9 (92.9,108.5)
Fat 110.1 (98.4,122.1) 108.5 (97.1,122.4) 111.1 (99.1,121.8)
Protein 342.6 (264.2, 446.4) 354.4 (258.7, 460.9) 335.8 (266.5, 431.1)
Dietary fiber 57.5 (38.2,79.2) 54.1* (33.8,77.0) 60.6 (41.3,80.2)
Calcium 1441 (92.5,201.3) 154,67 (96.1,210.1) 131.3 (89.2,187.5)
Iron 71.9 (49.9,108.3) 72.3 (47.3,108.6) 72.6 (53.8,107.6)
Zinc 250.8 (173.7,335.0) 264.6* (179.6, 366.6) 231.3 (165.4,319.1)
Vitamin C 645.1 (365.6, 1,037.0) 742.8¢ (403.6,1,163.2) 546.3 (332.6,897.2)
Folate 160.1 (112.7,226.8) 154.2 (107.7,224.4) 164.7 (118.5, 229.5)
Vitamin B12 3339 (194.8, 495.6) 335.3 (189.5, 478.8) 334.4 (206.6, 511.7)
Vitamin A 258.1 (169.3, 375.5) 267.6 (171.3, 376.7) 252.6 (171.7,379.2)
Vitamin D 1.7 (6.8, 23.7) 11.6 (6.2,25.5) 11.9 (7.3,20.7)
Saturated fat 238.3 (200.1,272.9) 237.3 (195.1,273.9) 238.8 (203.6, 270.4)
Polyunsaturated fat 74.6 (59.8,91.1) 73.9 (57.2,89.0) 74.9 (61.4,93.2)

Analysis by complex design survey, adjusted by U/R location and region and socioeconomic level. 95% confidence intervals. Statistically significant differences:
n<0.1,'p < 0.05 'p < 0.01.
For carbohydrates, fat and saturated fat considered at-risk when intake was above 100% of their requirement.

[Nutr Hosp 2018;35(5):1186-1194]




A. Jiménez Aguilar et al.

1190

(8bed 1xau ay) U 8nuu0?y)

(G'26'1'618) 1'€09 (9'190°} '8'%8¢€) ¥'299 (8'7¥6 '0'2€8) 2'€.8 (L'el1'L'8'266) (608 (6'698 'z'see) +:8'/GG Q UleyA
(6'17E '€'591) 1’662 (L'zee T LL) '6Ge (@ere1eal) q1'622 (6'ese 27181 0292 (VAT CHAY; 8'/7¢ auiz
E1LLesy 82/ (0°201'6'19) 9L (€101 ‘2’8 .0€'/9 eerL'oLg) 8¢l (£°201'6'8Y) 2}'GL uo|
(7’06} '2¥8) ovel (8'502 '6'56) z8rl (781 ‘7’2o 9'LEl 911z '6'86) 6061 (7702 '8'€6) zert wniofeg
(¢'28'99¢) 0’69 (082 '8'8¢€) 8'9G (6'eL'28¢E) 875 (€'98'8'6¢€) 0’29 0 12'9¢e) +:9'0G Joqyy Arejaig
(Gery 'e9ve) 8'72e ©L¥v 'L 122) L0°06€ (€107 'L2ra) ol9le (€87 '2'€L2) 1}'GGE (@vvy'e8Le) 17'9G€E uisiold
(G'6L1096) 2’80k (1'eel 'v'66) 60k @let'Len) 1b'60} (L0zZL ‘2'36) 1201 (@'8zl ‘0801 QL1 Ie4
L1 '7ee) 720l (1’801 '9°26) G'00} (71 'ge6) 19920} (G601 ‘8°¢6) 1020} (L'v01'€'69) 2796 seyelpAyoge
(0'gel ‘o€l G20l (L'eel'619) 1701 9cet'2s 406 (/€1 'v'e8) /201 (L'7y1'9'62) w0 OFL ABiaug
Koenbape juaoiad

. _ . . . . 6 e)
€1L%9) 6L @19 08 60129 149/ 601679 16, ®cL'L9 6'8 .
Ove'oLl 8/l €9z'9vh 1002 (Lee'zel) 99l 69z 0vh 1€'02 L1z'9vh 1612 6 e} pereinies
(¢'98'zee) gLy (9'86 '6'82) 0’6 (126 2ve) ek (816 1'82) LSy (1201 ‘2'08) =BG Nl ‘Q UILeyA
(G'08.'6'€ve) 119G (268 '2'96¢) G263 (e'vv. '6'65¢) 0/'GES (9228 '7'¥9¢) #9009 (1288 ‘¢'Sap) 1’029 43 Bow ‘y ujweyp
@1 X4 G'e9l VA4 @1 1€'C Be g 1G'C Ly 218 Bu ‘Z19 uieyA
(o' 0el) 7’881 (9'80¢ ‘851 11'¢ee (@162 '0¥€EL) ql'G61 (G662 'v'6771) €61 (1'e0g ‘1291 «9'€2C Bow ‘arej04
(L'vel L e9) 5’68 (L'eSt 'v'89) 9'66 @1eL's Ly +9'18 €121 'ey9) O€LL B'erL'ves) +£'28 Bu ‘0 ujweyp
(869 19 G6'cq) 2. (882 9 (€0L's9) G/ 6'8'6M) A Bu “ourz
(NIWAY ) (8019 e/ @oL'ep) A G1L'eg) G/ ZoL'te) wl'l B ‘uou sway-uoN
(0v€'0°260°0) 1610 (88€°0‘601°0) €20 (¢e€0160°0) 6810 (£2£0'260°0) #9220 (9et°0 '6¥71°0) #6/¢0 B ‘uoly sweH
@116 9/ €11L'g9) 9/ ©Q0L+9) 0L (¢l 's9) 8L @rres '8 Bu ‘uoy
(62901 9'LLY) 28yl ('ezl't '6'799) 6268 (L'286'1'29Y) O'vEL (8261'1'6'289) | wlEV8 (1'880°L'0'G¥S) | 121'€98 B ‘winjore)
(2’90} '7'09) 09/ @0okrL 129 11'98 (¢'86 ‘€'¢S) 0¢'GL @viL'oL9 11’88 GyhL'es9) 1£'98 6 ‘siebng
GoL'2)) 2l 861 L8 Gl (1'6L'6'2) wlbl /L'79) LTk (a2 A)) w01 6 Jeqyy Arelaig
(6'87'9'L2) 8'/¢ (€252 08) flogiy (L1v'e L2 2'9¢e (865 1'0g) LTy @1sze) b Ly 6 ‘utsi0.d
(9'eg's'62) 80y (0'8g ‘v'2e) 1Sy (615262 1o77'88 (€'8G°2'1€) 197y (1'19'eve) #0° 1S 6 ‘1ey Aesalq
(86126911 9l (rsiz'oLel) 7’991 (1'g6l ‘vech) (8951 (6'8cz ‘L€zl wl'Tl) @L12'8 2l 6€91 6 ‘sajeipAyog.ed
(08961 '2'958) | 89611 (G/q6'L'0eL6) | €6/2'L €0ly'l '8'€68) @Oy | (8209'1°0°856) | c¥0E'L | (8'269')2L96) | ¢ 'GOEL [e2y ‘ABIau3

(g.d ‘sed) uelpai\ (gd ‘ged) ueipai\ (5.d ‘sed) uelipai\ (5.d ‘sed) ueipai\l (5.d ‘ged) uelpa\l

leiny uequn yinos A9 od1xay pue |esua) YHoN p/a)eu|
ealy uoibay

02IX8IN "2l02 AeAINg uonLINN pue
yyesH [euoneN “eaJe pue uolbal AQ pue [euolleu ‘Ualp|iyo pjo-Jeak- O} | Ul 8xelul jo Aoenbepe jueolad pue axelu| *||| @1qeL

[Nutr Hosp 2018;35(5):1186-1194]



DIETARY INTAKE AND ADEQUACY IN MEXICAN PRESCHOOL CHILDREN: NATIONAL HEALTH AND NUTRITION SURVEY 2012 1191

[ g 2@ .2 s
C N|lOo N |=| O |2
9] ol |3 |g518|3
S N
© AN
Z N (|| 5| D
Tla|lo|~|0|L| x|
. Ll B B il e ol Bl =
®© =]
0] o
|-
© =
© | < ™ o
T S5lv|ale|Slels
C o TN IQ|R
®© E‘—mm‘_m
©
c o
(] -
= <
o sl a|a| |8
bt Nl =Nl ©|o|®
> N Tl R I I =]
3 S BN Il IS NN o e
||| w @ | D
© :N@ﬁ'v(\‘ll\@
gla|l—|lo|~oc|®
% al=|=|8|= S e
[
— o
®
- el o .
9 Il B T A
=
© E@ggﬁ%ﬁi
Co
~ O
C.—
X
£ AR R
o> ~N| o S|lw|T|w|R
= N K| ®|5|©|
_CC\I L N[ |d|Q| |
O+ ARINRIEINE
T O N | o N |~ S| =
SN Sa|o|~|w|S|xnlc
~|— | — | — —
Lo> 3 L |
® (77]
02
>3 Slalz|lols ol
< @ 52 Fs|22S
V| ool | Q| 22| 0| =
C Q S| | o | | ©
_80 Eim‘\“—ﬁ\"\
- B
-
£35 2l =
R HNEINME S
© O Sn-mvmgmoo
= C S DU R IS A IS S
S || o|g|w G| o
-gwgﬁt\lmvmgor\
— 12 A |~ ||| o|v
oS|DP|2|= === a8
=2 o
>0|xc| 8
8|5
DI Eg‘_.rb@v:%—f\
O = = B O el I T e B e O
[{e] [{]
c| o NI x|~ =<
% 82‘_00 N
®
o+
cC === —
SIS | —~
3 Wi | <|lo|la|s|S
oI NTD |2
ju N|w|®» |||
9 g (0|9 < |G|
N ol ||l x
o) (||l d| e
c =l Il Bl RSO Yk
o
® z
) =
s |« 53
® SI2ZIQs|e|E
+= ~ |2 R0
= 2 E|8|5|2|g|
—_
)
c —
o &=
(&) o
= 3 5|8
= 3 2l<|2|3|3
<
° € clelel 8] 2
) = S|lE|E|E|E|S
[ S SE|EE|8|S
C | S>> |wn|a

[Nutr Hosp 2018;35(5):1186-1194]

Analisys by complex design survey adjusted by U/R location, region and socioeconomic level. 95% confidence intervals. Different letters mean statistically significant differences between comparison groups: *p < 0.1; 'p < 0.05;

n < 0.01.

DISCUSSION

At a national level, preschool-aged Mexican children have pro-
tein, saturated fat, calcium, zinc, vitamins A, C, B-12 and folate
intakes exceeding the current recommendations for age. In depth
analyses suggest that high intake of these nutrients is explained
not only by the consumption of foods in their natural form, but
also by the consumption of fortified foods provided by National
Nutrition Programs, like Prospera (15), Liconsa (16) and foods
fortified by the food industry which are highly available in the
market (data not shown). Mexican children consumption of dairy
products (i.e. milk, and cheese) contributed significantly to protein,
calcium, vitamin B12 and saturated fat intake, as well as zinc and
vitamin A to a lesser degree and significantly higher energy intake
compared with not-dairy intake consumers (17).

Preschool-aged children showed a high intake of folate mainly
from a high consumption of fruits and vegetables, dairy products
and ready-to-eat breakfast cereal, pastas, pies, cookies and
sweets, all of them fortified by the food industry (18).

Another finding is the high intake of vitamin C among preschool
Mexican children, which was eight times greater than the require-
ments. This high intake can be explained by the consumption of fruits
and vegetables, such as guava and mango, all rich in vitamin C.

It is important to note that highly processed foods are not only
the main contributors of vitamin C and folate, but also of total
energy, saturated fat, sodium and sugar among children (19,20).

We observed that, at a national level, Mexican preschool chil-
dren have a low intake of dietary fiber, iron, vitamin D and polyun-
saturated fats. A study of trends in dietary intake in Mexico in the
1980-2008 (21) period showed that there has been a significant
increase in national consumption of poultry and eggs, oil and
soda, while there has been a decrease in the consumption of
those considered as basic foods in the Mexican diet such as
tortillas and beans, an important source of fiber.

It is important to note that the diet in the Mexican population
tends to be rich in legumes, which mainly contain non-heme iron
and phytates, resulting in a lower bioavailability of dietary iron.
In our study we used the Mexican reference to determine iron
requirement, which already considered the lower bioavailability,
thus overestimation of iron absorption has been avoided (9).

This study shows an extremely low intake of vitamin D. These
results are consistent with ENSANUT-2006. An analysis in Mexi-
can children 2-5 years of age showed that the prevalence of mar-
ginal deficiency (< 50 nmol/I of 25-hydroxy-vitamin D) was 25%
and insufficient vitamin D levels (< 75 nmol/l 25-hydroxy vitamin
D) were observed in 55% of the children (22). This problem of low
intake and vitamin D deficiency has been recently documented
in Latin America (23).

In our population, the main dietary source of vitamin D is milk,
which contributes more than 90% of intake for this vitamin.
Currently, in Mexico, fortification/addition of milk with vitamin D
is mandatory to 200 U/l (24). However, based on the level of
fortification, an individual would have to consume two liters of
milk per day in order to meet the recommended vitamin D intake
for preschool children (400 1U/d) (13).
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Table IV. Intake and percent adequacy of intake in children 1-4 years of age by ethnicity.

National Health and Nutrition Survey 2012. Mexico

Indigenous ethnicity
Boys and girls Yes No

Intake/d Median (P25, P75) Median (P25, P75)
Energy, kcal 1191.2 (932.3,1,394.8) 1258.2 (940.4,1,570.8)
Carbohydrates, g 165.5 (122.1,211.8) 165.9 (124.6,215.5)
Dietary fat, g 39.6* (27.0,49.5) 44.6 (32.0, 58.0)
Protein, g 35.6¢ (25.9,45.2) 40.3 (29.9,51.9)
Dietary fiber, g 13.7¢ (8.5,17.0) 11.6 (8.0,16.0)
Sugars, g 67.3 (44.5,94.2) 84.4 (57.0,109.7)
Calcium, mg 602.9¢ (431.9,899.8) 832.9 (645.2,1,117.2)
Iron, mg 7.2 (5.7,10.4) 7.6 (5.3,11.4)
Heme iron, mg 0.152* (0.064, 0.274) 0.231 (0.114, 0.389)
Non-heme iron, mg 7.0 (3.4,10.0) 7.3 (6.1,11.0)
Zinc, mg 6.4 4.7,8.7) 71 (5.2,9.6)
Vitamin C, mg 7.7 (47.1,133.4) 97.6 (58.1,147.7)
Folate, mcg 190.7 (129.2,250.9) 214.8 (149.3,298.2)
Vitamin B12, mg 1.8 (12,25 2.7 (1.6,3.9
Vitamin A, mcg ER 454 3¢ (296.6, 738.2) 600.3 (396.6, 844.2)
Vitamin D, Ul 411 (23.5,85.2) 47.9 (27.8,95.2)
Saturated fat, g 15.74 (10.2,21.6) 19.7 (13.9,26.2)
Polyunsaturated fat, g 7.3* (5.8,10.0) 8.1 (6.7,11.4)

Percent adequacy

Energy 99.1 (78.7,124.3) 104.8 (79.8,134.6)
Carbohydrates 106.2* (99.8,115.3) 100.1 (92.1,108.3)
Fat 101.5¢ (89.0,113.9) 110.7 (99.5,123.0)
Protein 324.4 (252.4,411.2) 345.9 (266.1, 448.6)
Dietary fiber 65.41 (40.0, 83.1) 56.6 (37.9,78.2)
Calcium 111.0* (71.7,158.9) 147.6 (95.6, 205.5)
Iron 68.2 (51.0,95.7) 72.6 (49.7,108.8)
Zinc 231.4 (164.8,308.5) 252.6 (175.5,338.2)
Vitamin C 557.1 (307.4,925.2) 649.9 (372.3,1,044.6)
Folate 136.1% (95.4,188.8) 162.3 (114.3,229.2)
Vitamin B12 240.0¢ (151.4,330.1) 3441 (207.5,504.8)
Vitamin A 209.9¢ (131.5,340.2) 263.4 (175.6, 380.9)
Vitamin D 10.3 (5.9,21.3) 12.0 (7.0,23.8)
Saturated fat 201.5¢ (151.9, 237.4) 2425 (204.7,274.8)
Polyunsaturated fat 75.8 (60.8,95.9) 74.4 (69.5,90.7)

Analysis by complex design survey, adjusted by age, U/R location, region and socioeconomic level.

95% confidence intervals. Statistically significant differences: “p < 0.1, 'p < 0.05;*p < 0.01.
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Our results show that a lower intake of important nutrients
such as iron and polyunsaturated fats persists among preschool
children of economically disadvantaged populations, such as
children living in the southern region of the country (the poorest
region in Mexico) and rural areas and indigenous children (25).
This is mainly due to the quality and diversity of the diet, which
are determined by the income, given that, in situations of food
insecurity or economic crisis, families in poverty change their diet
and certain foods consumption as whole grains, animal products,
fruits and vegetables are negatively affected (26).

So, preschool-aged Mexican children have a saturated fat intake
above what is recommended, along with a low intake of polyunsatu-
rated fat compared to the current recommendations, similar results
to high income countries (27,28). This is consistent with the fact
that obesity and many nutrition-related chronic illnesses are not just
determined by some risk factors in mid-adult life, but begin during
fetal development and early infancy and childhood (29).

Similar results of excess intake of folate, vitamin A, zinc, as well
as low intake of iron and fiber, have been reported in American
preschoolers (30).

Dietary risk, particularly in relation to iron deficiency, was also
observed. Studies describing the frequency and severity of anemia
and associated nutritional variables indicated that iron deficiency
is the main cause of anemia in Mexican children < 5 years (31).

This study presents some limitations. First, it is well known
that the SFFQ is subject to various errors in its application and
reporting. However, our personnel were trained and standardi-
zed to apply it equally to all subjects (7), while the use of food
frequency method has shown to be one of the best methods to
estimate diet in young children (32) and the caretaker is a valid
and useful strategy to obtain the information with respect to the
child’s consumption (33).

Second, the intake of water-soluble vitamins like vitamin C and
B complex may be overestimated because in the food composition
tables used for these analyses, losses by cooking or industrial
processes were not considered, nor were losses to vitamin degra-
dation which occurs between the date of preparation of fortified
food and the date of expiration (34).

The study has important strengths because these data derived
from a national Mexican population survey that was representative
of areas, regions and states of the country. The SFFQ instrument
captures food habits from seven days before the interview, which
diminished memory bias.

At a national level, the next steps could be aligned to interna-
tional recommendations such as the 4" goal of 2015 Millennium
Development Goals (35) for young children to improve comple-
mentary feeding, in addition to breastmilk, as an important way to
prevent under-nutrition and to reduce child mortality.
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