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Abstract

Objective.To quantify fruit and vegetable (FV) dietary intake
in the Mexican population and compliance with international
recommendations. Material and Methods.FV dietary intake
(FV-DI) and compliance with international recommenda-
tions were obtained in a representative sample of a Mexican
population ages |-59 years old using dietary data from the
Mexican National Health and Nutrition Survey 2006 (ENSA-
NUT 2006). Results.Average FV-DI for different age groups
range from 61 to 72 g for fruits and 26 to 56 g for vegetables.
Average total FV intakes were 88.7 g in preschool-age, 103.1
g in school-aged children, | 6.3 g in adolescents and 122.6 g
in adults. The lowest intakes were observed in the northern
region and among the population with the lowest wellbeing
levels. Conclusions. Less than 30% of the Mexican popula-
tion had adequate intakes of FV. Developing and implementing
strategies aimed at increasing intake of these food groups is
a national priority.

Key words: fruits; vegetables; children; adolescents; adults;
Mexico

Ramirez-Silva |, Rivera JA,

Ponce X, Hernandez-Avila M.

Consumo de frutas y verduras en la poblaciéon mexicana:
resultados de la Encuesta Nacional

de Salud y Nutricion 2006.

Salud Publica Mex 2009;51 supl 4:5574-S585.

Resumen

Objetivo. Cuantificar la ingestion dietética de frutas y
verduras y el apego a recomendaciones internacionales en
la poblacién mexicana. Material y métodos. La ingestion
dietética de frutas y verduras y el apego a recomendaciones
fueron obtenidas en una muestra representativa de la pobla-
cion mexicana de entre | a 59 afios de edad, usando datos
sobre dieta de la Encuesta Nacional de Salud y Nutricion 2006
(ENSANUT 2006). Resultados. Los promedios de ingestion
dietética para los diversos grupos de edad fluctuaron entre
61y 72 g en frutas y 26 y 56 g en verduras. Los promedios
de ingestion dietética total de frutas y verduras fueron:87.5 g
en preescolares, 103.1 g en escolares, | 16.3 g en adolescentes
y 122.6 g en adultos. Los menores consumos se observaron
en la region norte y en la poblacion con los menores niveles
de bienestar. Conclusiones. Menos de 30% de la poblacién
tuvo consumos adecuados. El desarrollo e implementacion
de estrategias y programas que contribuyan a aumentar el
consumo de estos alimentos es de alta prioridad.
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he World Health Organization (WHO) estimates that
2.7 million lives lost due to cardiovascular disease
could be prevented if fruit and vegetable (FV) intake
were adequate.! FV have beneficial effects on health
and on body mass index (BMI) since they provide vi-
tamins, minerals, fiber, and other dietary factors, such
as photochemicals with different protective effects,
stimulating the immune system and other physiological
systems.>? It has been largely documented that a high
FV consumption is associated primarily or secondarily
with less incidence of obesity,*® cardiovascular dis-
ease,” 1" diabetes mellitus type I, '%!! and several types of
cancer.'? Several of these chronic diseases are currently
of high prevalence among the Mexican population.'3!
Obesity is a risk factor for the development of chronic
diseases.” FV intake play an important role in pre-
venting overweight and obesity due to their ability to
produce satiety, their high fiber and water content, and
their low energy density.° In addition, a low intake of FV
has a detrimental effect on mineral and vitamin status,
with negative consequences on health.!®!” Based on
food balance sheet data, availability of FV has increased
worldwide; however, their consumption has decreased
in some countries, particularly in low and middle
income countries.%® It has been documented that FV
intake is far less than the recommended amounts.”” A
30% decrease in FV purchases at the household level
in Mexico has been documented.® However, there is
no nationally representative information regarding FV
dietary intake (DI) in Mexico.
Therefore, the objective of this study is to describe
FV intake as well as compliance with international recom-
mendations in the Mexican population aged 1 to 59 years
old and in key relevant subpopulations. The information
from this study can help identify research questions and
develop actions, strategies and policies aimed at improv-
ing FV intake among the Mexican population.

Material and Methods

Population and study design

Data analyzed came from the Mexican National Health
and Nutrition Survey 2006 (ENSANUT 2006) conducted
between October 2005 to May 2006, which collected
information from 48 304 households. A detailed de-
scription of sample procedures and methodology has
been published elsewhere.”! The probabilistic sample
is representative at the national level and of rural and
urban areas, the 31 states and Mexico City.

The aim of the ENSANUT 2006 was to collect in-
formation on the health and nutrition of the Mexican
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population. Analyses in this article include informa-
tion from a random subsample of about 30% of the
population for which dietary data were obtained. This
subsample is representative of the Mexican population
and provides adequate numbers for estimations for most
of the categories studied.

Age groups considered for this study were:
preschool-age children (1 to 4 years old), school-age
children (5 to 11 years old), adolescents (12 to 18 years
old) and adults (19 to 59 years old).

Data collection

Dietary data: Dietary data were obtained through a
7-day semi-quantitative Food Frequency Questionnaire
(FFQ). The FFQ listed 101 foods including 13 fruits and
19 vegetables. A detailed description of the dietary data
collection and processing can be found elsewhere.??
Anthropometric data: Weight and length (for children < 2
years) or height (for subjects 2 years of age or older) of
each subject were obtained according to techniques de-
scribed by Lohman (1981)% by trained and standardized
personnel.* Weight (in kg) was obtained and recorded
with a precision of 100 g using digital scales (Model 1583,
Tanita, Tokyo, Japan) which were calibrated daily. Height
was measured using a wall stadimeter with a 2 m capac-
ity and a 1 mm precision (Model E-1, Dyna Top, Mexico
City, Mexico) and length was measured using a locally
made wooden board with 1 mm precision. Height, length
and weight data were used to compute anthropometric
indicators to classify individuals into overweight and
obesity categories. Body mass index (weight/[height]?)
(kg/[m]?) was computed for individuals from 5 to 59
years of age. For children from 1 to 4 years old, weight
for height z-scores (WHZ) were obtained based on the
new WHO growth standards published in 2006,% using
the processing program provided by WHO.?
Sociodemographic data: Demographic data and hous-
ing characteristics were obtained using a household
questionnaire. The information for the purpose of this
analysis included: head of household schooling, age of
the subjects studied, ethnic background (indigenous or
non-indigenous), characteristics of the household and
possession of goods.

Ethical considerations
Consent for participation was obtained. The project was
approved by the Human Subjects Committee of the

National Institute of Public Health (Instituto Nacional
de Salud Publica, INSP).
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Variables included in analyses

The variables for this study included FV dietary intake
(g), adequacy of FV (% population consuming total or
one-half of amounts recommended by the World Health
Organization and the American Heart Association
—AHA-), region of the country, area of residence (urban
or rural), household wellbeing condition index (HWCI),
ethnic background, age, sex and BMI categories.

Definitions: Vegetables were defined as plants having
edible parts such as: leaves (cabbage, lettuce, spinach,
etc.), stems (celery, etc.), sprouts (asparagus, etc.), flow-
ers (cauliflower, artichoke, etc.), pods (green beans, etc.),
roots (carrots, beets, etc.), bulbs (onion, garlic, etc.), fruits
culturally considered vegetables in Mexico (tomato,
cucumber, avocado, etc.), and green seeds (peas, broad
beans), except for mature seeds from spike or gramineae
(corn, wheat, rice, oats, etc.) as well as pulses (beans,
lentils, chickpeas, and soybeans). Fruits were botanically
defined as fleshy edible parts from trees or fresh plants
containing seeds.!

From this perspective, FV are considered foods
characterized as low energy density and rich in vita-
mins, minerals, fiber and other bioactive components.
Therefore, tubers were not considered in the vegetable
group in this study, given their high starch content and
low contribution of fiber and other micronutrients.!
Fruit juices were excluded due to their high content of
fructose and energy and low fiber content' and because
of evidence suggesting negative effects on health.>”%

Fruit and vegetable of Dietary Intake (FV- DI). The estima-
tion of intake was performed through calculation of
grams of food intake per day based on the FFQ.”

Consumption was expressed in grams rather than in
calories, since most recommendations use this unit. Ad-
equacy intake of FV (AI-FV), was evaluated considering
compliance with recommendations to prevent cardiovas-
cular disease as defined by WHO and the AHA 33!

Recommended intakes were 200g for 1 to 4 years-
old children, 300 g for 5 to 8 years-old* and 400 g for
subjects between 9 to 59 years.*! Subjects were classified
into three categories according to their intakes relative
to age-specific recommendations: a) adequate intake:
at or above recommended intake or adequacy of 100%
or more; b) moderately inadequate intake (from 50% to
99% of recommended intake) and c) highly inadequate
intake (less than 50% of recommended intake or ad-
equacy less than 50%).

Regions: The country was divided into four regions:
1) north (including the status of Baja California, Baja
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California Sur, Coahuila, Chihuahua, Durango, Nuevo
Leon, Sonora and Tamaulipas); 2) center (Aguascalientes,
Colima, Guanajuato, Jalisco, State of Mexico, Michoacan,
Morelos, Nayarit, Queretaro, San Luis Potosi, Sinaloa,
Zacatecas); 3) Mexico City and 4) south (Campeche,
Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla, Quintana
Roo, Tabasco, Tlaxcala, Veracruz and Yucatan).

Urban and rural areas: Were characterized according
to the National Institute of Statistics, Geography and
Informatics criteria, with urban areas as localities with
>2500 inhabitants and rural areas as localities with
<2 500 inhabitants.

A Household Wellbeing Condition Index (HWCI): Was com-
puted using household characteristics and possession of
goods through principal components analysis (PCA). We
used the first component of the PCA, which explained
46% of the variance. The variables in the model were
floor material, ceiling material, total number of rooms
in the household, possession of refrigerator, washing
machine and stove as well as the number of electric
appliances in the household (radio, TV, video player,
telephone, and computer). The HWCI was divided into
quintiles to categorize the wellbeing condition; thus,
subjects in the low wellbeing quintile had the lowest
wellbeing condition and those in the highest quintile
(5) had the highest conditions.

Ethnic background: A household was classified as indig-
enous when at least one member of the household older
than five years old spoke an indigenous language.

Body Mass Index categories: For the adult population,
BMI cutoff points were those recommended by WHO:
underweight <18.5 kg/m?, overweight 25 to 29.9 kg/
m?and obesity >30 kg/m?" For subjects between 5 to
18 years old, cutoff points used were those specific for
underweight, overweight and obesity per age and sex,
proposed by Cole et al.*? For children younger than five
years old, overweight and obese children were defined
as weight-for-age z-scores (WAZ) higher than two stan-
dard deviations (SD) and underweight children were
defined as below -2.0 SD, using the new WHO growth
standards.>2

Data analysis

Diet information was examined for validity. Data of
individuals with dietary information considered invalid
were excluded according to the following criteria: a)
individuals with dietary intake adequacies above five
standard deviations (SD) for energy and nutrients,
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according to estimated average requirements by age
and sex, considering physical activity, b) individuals
having dietary adequacies lower than 25% of the total
daily energy intake; and c) individuals with FV intake
(in grams) higher than five standard deviations (intakes
considered implausible). Pregnant and breastfeeding
women were excluded from the analyses. Average FV-
DI and proportion of the population who attained the
recommendation were estimated for each age group
according to sociodemographic and BMI categories
characteristics.

FV-DI intakes were log-transformed to obtain a
normal distribution.

Adjusted FV mean intakes and proportion of sub-
jects who complied with recommended intakes AI-FV
were estimated using multiple linear regressions and
ordinal models, respectively. In both cases, models
adjusted for potentially confounding variables (age, sex
and HWCI). Statistical tests for the differences among
categories of the variables studied were performed using
these models. To adjust for the study design, the SVY
module in STATA was employed. Statistical significance
was stated at a p< 0.05.

Results

We analyzed a total of 3 224 children 1-4 years old, 8 294
children 5-11 years old, 7 722 adolescents 12 to 18 years
old and 16 349 adults 19 to 59 years old, representing:
7 072 563, 14 802 442,16 422 791, and 48 908 755 people
for each age group, respectively (Table I and II). Table I
also shows the sample sizes for all the categories of the
variables for which information on intake is presented.
For most categories large sample sizes are observed.
The smaller samples are found, as expected, in children
< 5 years of age. For most categories in this age group
sample sizes are above 380. However, relatively small
sample sizes (n < 150) are found in Mexico City (n=
149), and in the overweight (n= 128), obesity (n= 62)
and underweight (n= 50) categories. For school-age
children, the only category with sample size < 150 is
the underweight category (n=117). For adolescents, the
only category with less than 150 cases is the underweight
category (n= 87) and for adults, none of the categories
had < 150 cases.

Fruit and vegetable intake and adequacy

Tables I and II describe daily FV dietary intake by age
group, according to sociodemographic and BMI cat-
egories. In all age groups fruit intake was substantially
higher compared to vegetable intake, with 61.3 g vs.
26.2 g for preschool children, 68.9 g vs. 34.2 g for school
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children, 72.9 g vs. 43.4 g for adolescents, and 65.8 g vs.
56.8 g for adults, respectively. The total amount of FV-DI
for each age group is far below recommended intakes.
The percentage of subjects with AI-FV was: 30.8% of
preschool-age children, 17.0% of school-age children,
19.2% of adolescents and 24.2% of adults.

Results on FV-DI (g) as well as proportions of the
AI-FV are presented below by age category.

Preschool-age children: Children from the northern region
reported a significantly lower fruit intake compared to
children from the south (50.5 vs. 65.2 g, respectively; p<
0.05). Urban children reported a significantly higher
fruit intake compared to children living in rural settings
(65.6 vs. 53.1 g; p< 0.05). Fruit intake had a progressive
and significant increase from HWCI quintile 1 to 4
(49.2 g to 85.1 g; p< 0.05). Children aged 3 (70.5 g) and
4 (66.3g) years old reported a significantly higher fruit
intake compared to children aged 1 year old (47.5 g;
p<0.05).

Preschool children living in Mexico City reported
the highest vegetable intake (31.9 g) compared to the oth-
er regions of the country, while children from the north
reported a significantly lower vegetable intake (21.3 g)
compared to their counterparts from the other regions
(p<0.05). A progressive increase in vegetable intake was
observed as HWCI improved (p< 0.05). A significantly
higher vegetable intake was observed among children
with adequate BMI (26.8 g)compared to obese children
(17.3 g; p< 0.05). Older children reported a significantly
higher vegetable intake compared to younger children
(29.0 vs. 22.3 g, respectively; p< 0.05) (Table I).

Total AI-FV followed the same pattern as FV-DI.
Children from the north reported lower AI-FV (28.7%)
than children from Mexico City (32.2%; p< 0.05), al-
though differences between center and south were not
statistically significant. AI-FV was lower in the first two
quintiles of HWCI relative to the upper quintiles (p<
0.05) and a trend of higher intake with higher HWCI
was evident (Figure 1).

School-age children: Children aged 5 to 11 years living in
the north present the lowest fruit intake (53.1 g) com-
pared to children from the other regions (p<0.05) and in
particular to children from Mexico City, who presented
the highest fruit intake (84. 7 g; p< 0.05). Fruit intake
among children from the lowest HWCI was the lowest
(57.2 g) compared to the better-off group (81.6 g) (p<
0.001) and to the intermediate quintiles (p< 0.05). Fruit
intake in children aged 5 years old was the highest
(75.9 g) compared to children aged 9 and 11 years old
which reported the lowest fruit intake (62.9 g and 62.5
g, respectively, p< 0.08) (Table I).
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Table |
FRUIT AND VEGETABLE OF DIETARY INTAKE AMONG PRE-SCHOOL AND SCHOOL CHILDREN
BY SOCIODEMOGRAPHIC CHARACTERIsTICS. ENSANUT 2006

Dietary intake*

Fruits Vegetables
Variables Categories N n Mean 95% Cl p Mean 95% Cl p
Pre-school children 7072563 3224 61.3 56.1 67.1 26.2 244 28.0
North | 383 296 523 50.5 41.2 61.9 - 213 17.9 25.2 -
Region* Center 2187817 1244 60.0 50.8 709 0.18 275 244 311 <0.01
Mexico city 1 132 571 149 69.2 50.6 94.7 0.10 319 25.7 39.5 <0.01
South 2368879 1308 65.2 584 729 003 256 232 283 <0.01
Areat Urban 5134308 1828 65.6 59.1 72.9 - 273 25.0 29.9
Rural 1938255 139 53.1 44.8 62.9 004 237 209 269 <0.01
Ethnic background* Indigenous 792714 481 67.3 52.1 87.0 - 284 24.2 334
Non-indigenous 6279849 2743 60.3 548 66.5 045 257 238 27.8 03
Quintile | 1 432 769 863 4922 4l.1 59.0 0.19 22.8° 202 25.7 <0.01
Wellbeing condition’ Quintile 2 | 452 140 767 54° 44.0 66.4 044 2415 206 283 <0.01
Quintile 3 1 479 413 699 73.8° 628 86.6 026 252 214 29.7 <0.01
Quintile 4 | 333704 506 85.1% 734 98.7 004 307 264 358 <0.01
Quintile 5 | 374 537 389 61.5 47.1 80.4 - 35.0 29.6 41.4
Normal 6629201 2984 614 56.0 67.3 - 268 25.0 28.7
BMI categoriest Overweight 234 693 128 61.2 43.6 86.1 0.99 19.2 1.6 318 02
Obesity 126 892 62 68.0 377 1225 074 173 87 342 0.04
Underweight 81777 50 42.8 22.7 80.7 026 l6.1 104 25.0 02
Sex? Male 3562563 |66l 603 532 683 - 262 238 289
Female 3510000 1563 62.3 55.0 70.6 073 260 23.6 28.6 0.9
| | 478 344 614 47.5 40.1 56.2 223 19.0 262

1 644 199 774 574 47.6 69.3 0.15 264 22.8 304 0.12

Age (years)® 2
3 2041914 88l 705 596 834 000 259 225 298 0.16
4 1 908 106 955 663 554 794 001 290 260 324 001
School-age children 14802442 8294 68.9 64.3 74.0 34.2 324 36.2
North 2677706 1298 53.0 443 637 - 286 257 319 -
Regiont Center 4691854 3175 67.9° 613 752 002 328  30.I 35.7 0.05
Mexico City 2303 233 321 847° 699 1025 <00l 493* 423 575  <0.0l
South 5129649 3500 72.7° 654 807 <001  338% 3119 366 0.01
Areat Urban 10410 184 4473 69.1 633 755 - 356 333 293 -
Rural 4392258 382l 687 608 775 093 319 293 347 0.04
Ethnic background’ Indigenous 1832577 1306 720 592 876 - 319 269 379 -
Non-indigenous 12969 865 6 988 684 633 738 064 347 329 367 0.34
Quintile | 3007939 215l 572° 485 675 <00l 27.0° 238 306  <0.0l
Wellbing condition’ Quintile 2 2969880 2128 702° 618 798 009 340° 306 378 <00l
Quintile 3 3074397 1776 7.1° 630 825 0.19  35.0% 322 383 <00l
Quintile 4 2831089 1246 792° 685 916 077 400° 359 446 0.07
Quintile 5 2919 137 993 8l.6 715 93 - 465 408  53. -
Normal 0815549 6175 688 638 743 - 343 323 364 -
BMI categories’ Overweight 2438715 1358 67.1 574 784 075 352 313 396 0.68
Obesity I 335 308 644 707 570 877 081 315 269 369 0.29
Underweight 212 870 17 855 628 1163 017 393 306 504 029
Sex? Male 7328030 4110 669 612 73 - 332 309 356 -
Female 7474412 4184 710 649 778 028 353 329 379 0.17
5 | 769 808 903 759 652 886 - 337 296 382 -
6 1871805 1029 739 632 866 080 317 279 360 051
A . 7 1854811 1064 77.9° 651 930 082 324 279 377 0.71
ge (years) 8 2087778 1159 650 562 755 0.14  35. 310 396 0.64
9 2559947 1387 629 539 735 007 336  30.I 374 0.97
10 2325086 1371 712 627 809 053 342 3116 376 0.82
0 2333207 |38l 625 534 73 008 383 346 425 0.10

* Fruits and vegetables dietary intake of in grams

# Mean FV of dietary intake adjusted by wellbeing condition, sex, age and effect of study design
§ Mean FV of dietary intake adjusted by sex, age and effect of study design

# Mean FV of dietary intake adjusted by age wellbeing condition and effect of study design

& Mean FV of dietary intake adjusted by sex, wellbeing condition and effect of study design
»b.c Means with different letter are significantly different among them
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* Reference variable
# p< 0.05: Significant difference compared to reference variable

a,b, c: Proportions with different letters are significantly different among them

[ Moderatly inadequate intake

at a b c

Non-  Quintil | Quintil 2 Quintil 3 Quintil 4 Quintil 5* National
indigenous*®

Non-  Quintil I Quintil 2 Quintil 3 Quintil 4 Quintil 5* National
indigenous*

I Adequate intake

FiGure |. PRe-scHooL (A) AND SCHOOL CHILDREN (B) DISTRIBUTIONS OF ADEQUATE PERCENTAGE ACCORDING TO RECOMMEN-

paTioNs. ENSANUT 2006

Vegetable intake was significantly lower in children
living in the north (28.6 g) relative to the other three
regions (p< 0.05). Children living in Mexico City had
higher intakes (49.3 g) than those living in the north
(28.6 g) and the center (32.8 g; p< 0.05). Urban school-
age children reported a significantly higher vegetable
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intake than rural children (35.6 g vs. 31.9 g; p< 0.05). A
significant and progressive increase in vegetable intake
was observed as HWCI improved (27.0 g for quintile 1
vs 46.5 g for quintile 5; p< 0.05) (Table I).

The lowest adequacy of FV intake was reported
among children living in the north (14.2%) relative
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to the center, Mexico City and the south (p< 0.05). In-
digenous children had a significantly slightly higher
AI-FV compared to non-indigenous children, and the
difference was statistically significant (17.4% vs. 17.0%,
respectively; p< 0.05). Better-off children (quintile 5)
reported higher adequacy intake than worst-off children
(quintiles 1 and 3; p< 0.05) and a trend of higher intake
with higher HWCI was evident (Figure 1).

Adolescents: Fruit intake was substantially lower in
the north (48.7 g) compared to the other regions of the
country (center, 77.2 g; Mexico City, 75.2 g; and south,
81.9g; p< 0.05). Surprisingly, indigenous adolescents,
a group that lives in poverty, reported a significantly
higher fruit intake (87.3 g) than non-indigenous ado-
lescents (70.6 g; p< 0.05). Eighteen year-old adolescents
had significantly lower intakes than adolescents from
other age groups (p< 0.05).

Vegetable intake in the north (35.7 g) was signifi-
cantly lower than intake in the center (44.7 g), Mexico
City (50.2 g) and the south (43.1 g; p<0.05). A significant
and progressive increase in vegetable intake was docu-
mented from quintile 1 (36.1 g) to quintile 4 (52.5 g; p<
0.05) (Table II).

Adolescents from the north of the country reported
lower adequacy of FV intake (15.9%; p<0.05) compared
to adolescents from the other regions (center, 19.0%;
Mexico City, 22.2%; and the south, 20.2%). Adolescents
from quintile 1 (16.6%) reported lower AI-FV relative
to adolescents from quintile 4 (22.6%) and 5 (21.1%; p<
0.05) (Figure 2).

Adults: Fruit intake was significantly lower in subjects
living in the north (45.7 g) compared to the other regions
of the country (p <center, 67.3 g; Mexico City, 68.2 g;
and south, 75.9 g; p< 0.05). Fruit intake significantly
and progressively increased from quintile 1 (55.4 g)
to 5 (101.9 g). All differences with the highest quintile
were statistically significant (p<0.05). Overweight sub-
jects consumed a significantly higher fruit intake than
obese adults (74.1 g vs. 61.9 g, respectively; p< 0.05). A
significantly higher intake of fruit was observed among
women (75.5 g) compared to men (52.3 g; p< 0.05).
Fruit intake significantly and progressively increased
with age (19 to 29 years old, 53.4 g; 30 to 39 years old,
69 g; 40 to 59 years old, 74.1 g). Differences between
the youngest and all other groups were statistically
significant (p< 0.05) (Table II).

Adults living in the north (49.9 g) reported a sig-
nificantly lower vegetable intake compared to those
living in the center (59.8 g), Mexico City (61.5 g) and
the south (56.2 g; p< 0.05). There was a significant and
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progressive increase in vegetable intake form quintile 1
(43.2 g) to quintile 5 (87.2 g; p<0.05). Overweight adults
reported a significantly higher vegetable intake (60.5
g) than underweight adults (37.8 g; p< 0.05). Women’s
vegetable intake (61.2g) was significantly higher than
men’s 50.2 g; p< 0.05). Adults aged 19 to 29 years old
reported a significantly lower vegetable intake (47.1 g)
compared to older adults (p< 0.05) and adults between
40 to 49 years old reported a significantly higher veg-
etable intake compared to their counterparts (63.2 g; p<
0.05) (Table II).

Subjects with the lowest percentages of AI-FV were
found in the north (20.4%) and in the low HWCI (19.6%);
compared to their counterparts (p<0.05). A clear trend of
higher intake with higher HWCI was observed (Figure
2).

In summary, the overall results show consistent
FV intake patterns across age categories for regions
and wellbeing conditions. Residents from the northern
region of the country had the lowest average intake
of both fruits and vegetables compared with all other
regions, for all age groups. In general, amounts of both
fruits and vegetables consumed among those in the
poor (lower HWCI) quintiles were inferior to those in
the high HWCI quintiles. An exception was fruit intake
in adolescents, where no differences among HWCI
quintiles were observed.

Differences in intakes among categories of other
variables were not consistent across age groups. Intakes
in rural areas were lower than in urban areas in children
less than five years old (of both fruits and vegetables)
and in school-age children (only of vegetables). In con-
trast, fruit intake in adolescents was lower in urban rela-
tive to rural areas. Intakes of both fruits and vegetables
were lower at younger ages in children less than 5 years
old (<2 years vs. > 3 years) and adults (<29 years vs. > 30
years) and vegetable intake was also lower in younger
adolescents (12 years vs. 13 and 14 years). In contrast,
for adolescents, older subjects had lower fruit intakes
than younger subjects (18 years vs. 12, 16 and 17 years).
Female adults had higher FV-DI but not female children.
Intakes were similar in indigenous and non-indigenous
populations, with the only exception being fruit intake,
which was lower in non-indigenous adolescents. Pat-
terns were not consistent for BMI categories.

Large percentages of subjects with highly inad-
equate intakes of FV (less than 50% of the recommended
intake) were observed in all age groups. The propor-
tions with highly inadequate intakes were about 40% in
preschool-age children, between 50 and 60% in school-
age children and adolescents, and between 40 and 50%
in adults.

salud piiblica de méxico [ vol. 51, suplemento 4 de 2009



Fruit and vegetable intake in Mexico

Table 11
FRUIT AND VEGETABLES OF DIETARY INTAKES AMONG ADOLESCENTS AND ADULTS BY SOCIODEMOGRAPHIC CHARACTERISTICS.
ENSANUT 2006
Dietary intake*
Fruits Vegetables
Variables Categories N n Mean 95% Cl p Mean 95% Cl p
Adolescents 16422791 7722 729 674 78.71 434 41.1 45.7
North 3026615 1280 48.7 41.3 57.6 - 357 31.9 40.1 -
Regionf Center 5365719 3012 772 67.9 87.8 <0.0l 44.7 404 49.6 <0.0l
Mexico City 2548316 292 75.2 583 96.8 <0.0l 50.2 429 58.7 <0.0l
South 5482141 3138 81.9 72.5 92,6 <0.0l 43.1 40.1 464 <0.0l
Areat Urban 11907018 4294 69.1 62.7 76.0 - 43.1 40.3 46.1 -
Rural 4515773 3428 8l.1 71.5 92.0 0.05 432 39.3 475 0.96
Ethnic background* Indigenous 188483 1170 873 734 103.7 43.8 384 50.1 -
Non-indigenous 14537 955 6552 706 64.9 76.9 004 43.0 40.7 45.5 0.78
Quintile | 3286293 2018 64.2 54.1 75.1 0.32 36.1* 329 39.6 <0.0l
Wellbeing condition? Quintile 2 3338429 2047 76.2 65.6 88.6 0.7 43.1° 39.2 474 <0.0l
Quintile 3 3250024 1480 76.6 67.5 86.6 0.66 42.9° 379 48.6 <0.0l
Quintile 4 3319402 1249 8l1.2 67.2 98.1 041 525 483 57.1 0.5
Quintile 5 3228 643 928 72.7 60.0 88.2 - 49.7 427 579 -
Normal weight 10487 617 4949 748 68.0 822 - 44.8 422 474 -
BMI categories* Overweight 3431411 1568 69.4 59.7 80.7 0.4 40.8 357 46.7 0.2
Obesity 1314969 654 67.1 52.9 85.2 0.4 41.9 354 49.5 0.5
Underweight 188 969 87 63.1 354 1123 0.6 274 18.6 40.3 <0.0l
Sext Male 8268589 3905 70.8 63.2 79.2 - 41.5 382 442 -
Female 8154202 3817 749 674 83.1 0.5 453 422 48.6 0.05
12 2360098 1239 8l.1 68.3 95.7 - 388 345 43.8 -
13 3083748 1407 74.6 64.4 86.4 0.5 454 40.5 50.9 0.05
Age (years)* 14 2507994 1232 732 59.3 90.5 0.5 45.5 41.1 50.3 0.05
ge (Y 15 2571901 1113 757 63.1 90.9 0.6 41.1 36.5 46.3 0.50
16 2027 100 990 80.0° 67.2 953 0.9 434 35.6 529 0.34
17 1802118 880 71.9* 59.5 86.9 0.4 45.2 39.8 51.6 0.08
18 2 069 832 861 52.9° 39.8 70.2 0.0l 429 37.2 49.6 0.28
Adults 48908 755 16 349 65.8 61.4 70.5 56.8 54.3 59.4
North 9760146 3045 45.7 40.0 52.2 - 499 45.6 54.5 -
Region* Center 14599263 6178 67.3 59.0 76.7 <0.0l 59.8 55.5 64.3 <0.0l
Mexico City 9 933 68| 702 68.2 56.3 82.7 <0.0! 61.5 539 70.2 <0.0!
South 14615665 6424 759 69.3 83.1 <0.0l 56.2 524 60.3 <0.0l
Areat Urban 39427895 9647 64.6 59.6 70.0 - 58.1 55.0 61.3 -
Rural 9480860 6702 68.9 59.6 79.6 0.45 53.6 49.5 58.0 0.10
Ethnic background’ Indigenous 4305338 2345 69.9 56.7 86.2 - 58.4 51.9 65.7 -
Non-indigenous 44 603 417 14004 65.2 60.6 70.1 0.53 56.5 53.9 59.4 0.62
Quintile | 9807378 5591 554 48.5 63.1 <0.0l 432 39.9 46.8 <0.0!
Wellbeing condition’ Quintile 2 9811916 4053 65.8° 57.8 749 <0.0l 58.5° 53.7 63.7 <0.0l
Quintile 3 9747321 2968 68.9° 61.0 779 <0.0l 613 558 67.4 <0.0l
Quintile 4 10 107 607 2237 75.3° 63.9 88.7 <0.0l 78.19 709 85.9 0.13
Quintile 5 9434533 1500 101.9 87.6 118.5 - 872 789 96.4 -
. Normal weight 13076 438 4459 64.2 56.3 73.1 - 54.8 50.6 59.4 -
BMI categories? Overweight 17944666 5910  74.° 669 822 006 605 566 647 0.05
Obesity 14209020 4684 61.9° 55.6 69.0 0.67 56.5®° 52,6 60.6 0.57
Underweight 654 815 175 31.9%® 12.5 814 0.15 37.8° 24.5 58.2 0.10
Sextt Male 19756232 6169 52.3 474 57.8 - 50.2 46.7 54.1 -
Female 29152523 10180 75.5 69.3 823 <0.0l 61.2 58.2 64.3 <0.0l
19-29 14290585 4513 534 473 60.2 - 47.1 437 50.8 -
Age (years)® 30-39 14190517 5304 69.0 61.8 77.1 <0.0l 62.0 57.9 66.4 <0.0l
40-49 11850981 4015 74.1 64.9 84.5 <0.0l 63.2 59.1 67.6 <0.0l
50-59 8576 672 2517 74.1 63.6 86.3 <0.0l 58.1 51.4 65.7 <0.0l

* Fruits and vegetables of dietary intake in grams

# Mean FV of dietary intake adjusted by wellbeing condition, sex, age and effect of study design
§ Mean FV of dietary intake adjusted by sex, age and effect of study design

# Mean FV of dietary intake adjusted by age wellbeing condition and effect of study design

& Mean FV of dietary intake adjusted by sex, wellbeing condition and effect of study design
ab.c Means with different letter are significantly different among them
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FIGURE 2. ADOLESCENTS (A) AND ADULTS (B) DISTRIBUTIONS OF ADEQUATE PERCENTAGE ACCORDING TO RECOMMENDATIONS.

ENSANUT 2006

Discussion

This study documents a low dietary intake of FV
among the Mexican population relative to international
recommendations. Low intakes were observed both in
fruits and vegetables and in all age groups, regions,
ethnic groups, wellbeing categories, urban and rural

§582

populations and both sexes. Only 30.8% of preschool
children, 17.0% of school children, 19.2% of adolescents,
and 24.2% of the adult population fulfilled the recom-
mended intakes.

The consistent lower intake in low wellbeing quin-
tiles for all subgroups studied suggests barriers to the
FV-DI among the poor. Although data does not allow
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identification of the specific reasons for the lower intakes
among the poor, the possible reasons include lower
demand due to, for example, higher prices of fruits and
vegetables per calorie relative to energy-dense low-price
foods, and/or to social and cultural factors linked to
poverty. Another set of potential reasons may be due to
lower FV supply in areas where poor populations live
or problems of access to markets due to limitations in
transportation systems.

Another consistent finding across all subgroups
studied was lower intake of FV in the north, adjusting
for wellbeing conditions, age and sex. This finding in-
dicates that there are barriers to the consumption of FV
in the north, which are more likely to be in the demand
rather than the supply side, given the relative higher
development and wellbeing in the north and the fact
that the differences persist after adjusting for wellbeing
conditions; they may have to do with cultural factors or
with changes in food patterns as a result of the food and
nutrition transition due to modernization. An alterna-
tive cause of lower DI-FV in the north may be that the
north faces climate conditions that are less favorable for
FV production relative to other regions. Studies should
be conducted to identify the reasons for the lower FV-DI
in the north.

The fact that the indigenous population’s intake
is generally similar to the non-indigenous population,
after adjusting for wellbeing conditions, suggest that FV
supply in Indigenous communities, which are usually
more isolated than non-indigenous communities, is not
the main problem. It is possible that the more restricted
markets in isolated indigenous villages are compen-
sated with local production. This finding reinforces
the hypothesis that lower intakes in certain groups are
probably more related to demand than supply.

A peculiar finding was the fact that rural and in-
digenous adolescents intake more fruits than urban and
non-indigenous adolescents. Again, it is unlikely that
this lower intake could be explained by limitations in
supply. It is more likely that it has to do with demand
issues, such as changes in eating patterns related to
modern and urban life; for example, eating more fast
food and outside the home.

Adult women and older adults (> 30 years old)
consumed more FV than men and than younger adults
(19 to 29 years old). This higher intake may reflect a
greater interest of women and older adults in health and
healthy lifestyles or eating more frequently at home as
opposed to eating fast food or away from home.

There was not a consistent pattern of differences
in intake among BMI categories. Although there is
evidence in the literature that low energy density diets
are associated with lower risk of obesity,>* the cross-
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sectional nature of the data in this study is not adequate
to study causal associations. In addition, several other
dietary factors and physical activity may explain en-
ergy balance. However, despite the lack of a consistent
pattern, there were two age groups —children less than
five years old (for vegetables) and adults (for fruits)-
in which lower BMIs were associated with higher
intakes.

The discussion so far has focused on the differences
among categories of the variables studied; however,
the most important finding is the strikingly low intake
of fruits and the even lower intake of vegetables in the
population as a whole. The remarkably low intakes are
more evident when the percentages of highly inadequate
intakes (less than 50% of recommended intakes) are
examined. These percentages range from approximately
40 to 60% for the different age groups.

FV-DIin the preschool Mexican population (87.5 g)
is comparable to low income Southeast Asian countries
such as Bangladesh, India and Nepal (94 g/person/
day).® In the adolescent and adult population, average
consumption (116.3 g and 122.6 g, respectively) would
be similar to those of countries such as Estonia, Kazakh-
stan, Letonia, Lithuania, and the Russian Federation
(approximately 195/ person/day). The low consump-
tion in school-age children (103.1 g) is a special case, in
which no country was found to be comparable.

Ruel et al. and Rojas et al. report higher average FV
intake in urban than rural areas in developing countries
(Burundi, Kenya and Costa Rica).3** Our findings were
similar only for children. Although rural areas could
have greater access to FV in theory, given that most of the
production occurs in these areas, however consumption
is usually low probably because most of the production
goes to the market and that availability of a variety of
FV is more sustainable throughout the year in urban
areas.’%%

Another identified factor associated with DI-FV in
the Mexican population was wellbeing conditions. Stud-
ies by Fouéré et al*® and Arimond and Ruel® found that
decreasing economic income was associated with lower
DI-FV in Africa, Cambodia, Nepal, Colombia, Peru and
Haiti. Hatloy*’ reported that when economic income
increases in Mali, food diversity also increases, and as a
consequence, intake of FV is higher.

It was also found that adult women presented
higher DI-FV relative to adult men, consistent with what
has been observed in African populations.3* A possible
explanation that has been given is that women give FV
intake a higher priority than men in order to improve
diet quality.*!

One of the possible limitations of the present analy-
sis is the considerable number of subjects who were lost
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as aresult of data cleaning and missing data (18.6% pre-
school children and 11.6% school children), which could
have biased the sample. Analyses were made to deter-
mine differences between excluded and non-excluded
subjects in the following variables: region, rural /urban
area, ethnic background, wellbeing condition quintiles,
BMI category, sex, and age. In general, no statistically
significant differences were observed in the variables
compared (p > 0.05), except for certain particular ages
in pre-school children, ethnic background, urban/rural
residence and BMI categories in school-age children. A
higher proportion of excluded subjects were found at 1
and 2 years of age. Also, a greater proportion of excluded
subjects were found in the urban area, non-indigenous
and school-age children with adequate BML. For adults
and adolescents, the proportions not included in the
analysis (3.4% and 4.2%, respectively) were lower than
for children.

There were no estimations of FV intake at the na-
tional level before this study. The data analyzed comes
from the ENSANUT 2006, which was designed to be
representative at national, regional and state levels
and by urban and rural areas. Since we excluded foods
with high starch content like tubers or pulses, which
are high in energy density and protein, our results do
not overestimate FV intake as could be the case of other
studies*** where pulses, potatoes and potato chips were
considered as vegetables.

In order to evaluate AI-FV in the pre-school and
school population, recommendations from the AHA
were adopted. One limitation of this recommendation is
that they were made for children from the United States
and not for Mexican children. The adult recommenda-
tions may be more appropriate since they were made
by WHO considering a more international scope.

One limitation of the data is that it does not provide
information as to the form in which FV were prepared
for consumption. Identifying if FV were fried, boiled or
dressed or raw would be important in different studies,
as healthy FV could be fried or consumed along with
high energy density foods like butter, mayonnaise, and
other dressings.

In conclusion, FV intake in the Mexican population
was much lower than recommended intakes in all age
groups and, particularly, in the school-age and adoles-
cent population. Vegetable intake was much lower than
fruit intake. Fruit intake was 2 to 5 times higher than
vegetable intake in the different groups, with the high-
est differences in school-age children and adolescents.
In general, the population living in the northern region
and lowest HWCI were the subgroups having the lowest
intakes and the lowest compliances with recommended
intakes of FV. Some subgroups had higher FV-DI, such as
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the population living in Mexico City and those classified
in the highest HWCI; unfortunately this consumption
did not reach average recommended intakes and even
in these subgroups the percentages of individuals who
complied with recommendations were in all cases less
than 35%.

Research is needed to better understand the reasons
for the general low intakes and in certain subgroups.
Using the results of this research, the development and
implementation of programs, strategies and policies
aimed atimproving FV intake in the different population
groups is recommended. This could be done through:
a) information and communication strategies aimed at
improving food preferences towards a higher intake of
FV in all age groups, and b) improving the availability
and lowering the prices of these foods for lower income
households as needed. Particular programs should be
developed in schools to increase the availability and
intake of fruits and to create a new culture of FV con-
sumption in the new generations.
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