
S551salud pública de méxico / vol.45, suplemento 4 de 2003

Obesity in Mexican school-age children ORIGINAL ARTICLE

Factors associated with overweight and obesity
in Mexican school-age children: Results

from the National Nutrition Survey 1999
Bernardo Hernández, DSc,(1) Lucía Cuevas-Nasu, BSc,(2) Teresa Shamah-Levy, BSc,(2)

Eric A Monterrubio, BSc,(2) Claudia Ivonne Ramírez-Silva, BSc,(2) Raquel García-Feregrino, BSc,(2)

Juan A Rivera, MS, PhD,(2) Jaime Sepúlveda-Amor, MD, DSc.(3)

This survey was conducted with the support from the Secretaría de Salud.

(1) Centro de Investigación en Salud Poblacional, Instituto Nacional de Salud Pública, Cuernavaca, Morelos, México.
(2) Centro de Investigación en Nutrición y Salud, Instituto Nacional de Salud Pública, Cuernavaca, Morelos, México.
(3) Instituto Nacional de Salud Pública, Cuernavaca, Morelos, México.

Received on: August 20, 2002 • Accepted on: September 18, 2003
Address reprint requests to: Dr. Bernardo Hernández, Director de Salud Reproductiva, Instituto Nacional de Salud Pública. Avenida Universidad 655,

colonia Santa María Ahuacatitlán 62508 Cuernavaca, Morelos, México.
E-mail: bhernand@correo.insp.mx

Hernández B, Cuevas-Nasu L, Shamah-Levy T,
Monterrubio EA, Ramírez-Silva CI,

García-Feregrino R, Rivera JA, Sepúlveda-Amor J.
Factors associated with overweight and obesity

in Mexican school-age children:
Results from the National Nutrition Survey 1999.

Salud Publica Mex 2003;45 suppl 4:S551-S557.
The English version of this paper is available too at:

http://www.insp.mx/salud/index.html

Abstract
Objective. The objective of the study was to measure the
prevalence of overweight and obesity in Mexican school-
age children (5-11 years) in the National Nutrition Survey
1999 (NNS-1999). Material and Methods. Overweight
and obesity (defined as an excess of adipose tissue in the
body) were evaluated through the Body Mass Index (BMI)
in 10,901 children, using the standard proposed by the In-
ternational Obesity Task Force. Sociodemographic variables
were obtained using a questionnaire administered to the
children’s mothers. Results. The national prevalence of over-
weight and obesity was reported to be 19.5%. The highest
prevalence figures were found in Mexico City (26.6%) and
the North region (25.6%). When adjusting by region, rural
or urban area, sex, maternal schooling, socioeconomic status,
indigenous ethnicity and age, the highest prevalences of
overweight and obesity were found among girls. The risks
of overweight and obesity were positively associated with
maternal schooling, children’s age and socioeconomic sta-
tus. Conclusions. Overweight and obesity are prevalent
health problems in Mexican school-age children, particular-
ly among girls, and positively associated with socioeconom-
ic status, age, and maternal schooling. This is a major public
health problem requiring preventive interventions to avoid
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Resumen
Objetivo. Documentar las prevalencias de sobrepeso y
obesidad en niños mexicanos en edad escolar (5 a 11 años
de edad) obtenidas de la Encuesta Nacional de Nutrición
en 1999 (ENN-1999). Material y métodos. El sobrepeso
y la obesidad (definida como un exceso de tejido adiposo
en el organismo) se evaluaron a través del Indice de Masa
Corporal (IMC) en 10 901 niños, tomando como patrón de
referencia el propuesto por el International Obesity Task
Force. Las variables sociodemográficas se obtuvieron a partir
de un cuestionario aplicado a la madre del niño. Resul-
tados. La prevalencia nacional de sobrepeso y obesidad fue
de 19.5%. Las prevalencias más altas se encontraron en la
Ciudad de México (26.6%) y en la región norte (25.6%). Al
ajustar por región, zona rural o urbana, sexo, escolaridad de
la madre, nivel socioeconómico, edad e indigenismo, los
mayores riesgos de sobrepeso y obesidad se encontraron
en niñas; el riesgo de obesidad y sobrepeso se asoció posi-
tivamente con la escolaridad de la madre, con el nivel so-
cioeconómico y con la edad de los escolares. Conclusiones.
El sobrepeso y obesidad son problemas de salud de alta
prevalencia en niños en edad escolar en México, especial-
mente en niñas, y se asocia positivamente con el nivel so-
cioeconómico, la edad de los escolares y la escolaridad de



ORIGINAL ARTICLE

S552 salud pública de méxico / vol.45, suplemento 4 de 2003

Hernández B et al

O besity, defined as an excess of adipose tissue in
the body, is currently considered a public health

problem worldwide.1,2-5 In Latin America, the preva-
lence of obesity has greatly increased in all population
groups, particularly in low socioeconomic level popu-
lations.6-8 Women of reproductive age (12-49 years
old) and children <5 years are two population groups
with a high prevalence of obesity.9-10 Moreover, some
countries have reported an increasing prevalence of
obesity in those population groups in the last two de-
cades.11-13

In Mexico, several studies have documented a high
prevalence of overweight and obesity.9,10,14 The Mexi-
co City Urban Food and Nutrition Survey (Encuesta
Urbana de Alimentación y Nutrición en la Zona Metro-
politana de la Ciudad de México or ENURBAL 1995)
found a prevalence of overweight and obesity of 13.6%
among children <5 years of age.15

Childhood obesity is a common nutrition prob-
lem –and therefore a public health problem– in devel-
oped countries. Obesity statistics are available in
Mexico at the country level for children <5 years of
age and women of childbearing age.9,10,15 Although the
precise prevalence of obesity in Mexican school-age
children remains unknown, it is estimated to be high
and is showing an upward trend.16 Available informa-
tion on the prevalence of obesity in school-age chil-
dren comes from small studies; for example, in two
areas of Mexico City the prevalence of overweight and
obesity among children aged 10-15 years was ap-
proximately 24% in 1998.17

Further studies have documented an association
between childhood obesity and the risk of adult obe-
sity18 as well as the risk of chronic diseases such as
hypertension, diabetes (due to hyperinsulinemia),
hypercholesterolemia, cardiovascular disease, and
cancer.19-22

There is a dearth of information on the nutritional
status of the school-age population at the country lev-
el. To fill this gap, this paper aims at documenting the
prevalence of overweight and obesity in Mexican

school-age children, as measured by the National Nu-
trition Survey 1999 (NNS-1999). This survey is repre-
sentative at the country level and includes four regions
and urban and rural areas of Mexico. The prevalence
of obesity and its association with sociodemographic
characteristics are analyzed to generate information
that should be useful for designing nutrition programs
and interventions to prevent obesity.

Material and Methods
Population and sample size

The study population consisted of Mexican school-age
children aged 5-11 years. Data were collected through
the NNS-1999 conducted from October 1998 to March
1999 and included a probabilistic sample representa-
tive of the four regions and urban and rural areas of
Mexico (population over or under 2 500 inhabitants).

The study sample was selected from the National
Household Sampling Frame (Marco Muestral Nacio-
nal de Hogares) of the National Institute of Statistics,
Geography, and Informatics (Instituto Nacional de Es-
tadística, Geografía e Informática, INEGI), using a
multistage, stratified, cluster sampling design.

The survey included 21 000 households, from which
8 200 had a 5- to 11-year-old school-age population
currently living there. The non-response rate was 7.6%
for this population group, leaving a sample of 11 415
school-age children. Only school-age children of families
who refused to participate were excluded.

Study design

A cross-sectional study was conducted to assess the
prevalence of overweight and obesity and its associa-
tion with sociodemographic characteristics in children
aged 5-11 years. The Body Mass Index (BMI= weight
kg/height m2) was utilized to measure the dependent
variables for overweight and obesity. To classify chil-
dren as being overweight or obese, we used the age

future health consequences. The English version of this pa-
per is available too at: http://www.insp.mx/salud/index.html
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las madres. Este es un problema de salud pública que re-
quiere acciones de prevención para evitar riesgos en la sa-
lud en un futuro. El texto completo en inglés de este artículo
también está disponible en: http://www.insp.mx/salud/
index.html
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and sex specific cutoff points proposed by Cole et al, as
suggested by the International Obesity Task Force.23

These cutoff points are based on a reference population
which includes data from different countries, and
generates BMI-specific centiles for children linked to
adult BMI cutoff points of 25 kg/m2 (overweight) and
30 kg/m2 (obesity).

The independent variables were residence region
North (Baja California, Baja California Sur, Coahuila,
Chihuahua, Durango, Nuevo León, Sonora, Tamau-
lipas), Center (Aguascalientes, Colima, Guanajuato,
Jalisco, México (excluding suburban counties of Me-
xico City), Michoacán, Morelos, Nayarit, Querétaro,
San Luis Potosí, Sinaloa, Zacatecas), Mexico City (Dis-
trito Federal and suburban counties of Mexico City)
and South (Campeche, Chiapas, Guerrero, Hidalgo,
Oaxaca, Puebla, Quintana Roo, Tabasco, Tlaxcala, Ve-
racruz, Yucatán), area (urban or rural), sex (male or fe-
male), father ’s literacy status (literate or illiterate
according to reading and writing ability), maternal
schooling (none, primary, secondary, high school, and
higher education), indigenous ethnicity (12- to 49-year-
old woman speaking a native language), and socio-
economic status index (constructed using principal
component analysis with variables such as flooring ma-
terials, potable water, and ownership of appliances
such as radio, television, refrigerator, washing machine,
and stove), in accordance with the index proposed by
Bronfman et al.24

Data collection and analysis

Weight and height of participants were measured fol-
lowing the procedures recommended by Lohman.25

Anthropometrics were standardized using the meth-
od recommended by Habicht.26 Weight was measured
with a digital-solar 150 kg scale (TANITA Corporation,
model 1631, Made in China) and height with a 1-mm-
unit two-meter stadimeter (Stadimeter “DYNA TOP”
S.A. de C.V. Model E-1. Made in Mexico).

Study subjects were weighed without shoes, wear-
ing minimal clothing, standing straight up with heels
together and tips apart and holding their arms motion-
less parallel to the body axis. Height was measured in
the same position as for weight. The headpiece of the
stadimeter was set at a 90° angle on the top of the head
of the individual.25 Experts conducted the training
and standardization of interviewers and developed
the survey questionnaires. Data were entered in an
electronic database compiled in Clipper Version 5.2
at the National Institute of Public Health in Mexico
(Instituto Nacional de Salud Pública). The database was
then cleaned and observations with either missing

weight and height values or implausible values were
checked and corrected. Implausible anthropometric
values were defined as BMI values <10 or >38. The fi-
nal database contained all the study variables and in-
cluded a sample of 10 901 school-age children.

Analysis

After exploratory data analysis, crude and adjusted
odds ratios and relative risks with 95% confidence in-
tervals were obtained, to identify risk factors associat-
ed with overweight and obesity. Logistic regression
models were fitted with the following variables: sex,
age, urban/rural area, region, indigenous ethnicity,
socioeconomic status, maternal schooling, and father’s
literacy status. Additional models were fitted sepa-
rately using either maternal schooling or the father’s
literacy to avoid collinearity problems. Since the odds
ratio point estimates were similar to the relative risks
for overweight and obesity, only the crude and adjust-
ed odds ratios are presented in this paper. Stratified
analysis was also performed by residence region to
explore interactions between residence region and risk
factors for overweight and obesity. Statistical analyses
considered the stratified and cluster sampling design.
The expansion factor was also included to consider the
population distribution, using a complex survey anal-
ysis model with the Stata SVY module (Stata V. 7.0 and
SPSS V. 10.0.0).27, 28

Results
The prevalence of overweight and obesity was estimat-
ed in a sample of 10 901 children aged 5-11 years from
the NNS-1999. Mean age was 8.32±0.02 years. Chil-
dren were distributed by region as follows: 17.7% in
the North region, 33.4% in the center, 15.3% in Mexico
City, and 33.6% in the South region. The majority of
children (69.1%) lived in rural areas with 50.9% being
female. There was a high percentage of literacy among
fathers, while a greater percentage of mothers had only
elementary schooling. In 10.7% of households at least
one woman aged 12-49 years speaking a native lan-
guage resided (Table I). The crude mean BMI was
17.18±4.55 for the entire population 17.67±5.23 for
the north region, 17.09±3.88 for the center, 17.57±5.01
for Mexico City and 16.83±3.82 for the south region.

The nationwide prevalence of overweight and
obesity in school-age children was 19.5% (Table II). By
applying the expansion factor to the study sample, it
is estimated that there are 2 919 657 school-age chil-
dren with overweight and obesity in Mexico. Mexico
City and the North region had the highest prevalence
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of overweight and obesity (26.6% and 25.6%, respec-
tively). A multivariate model that included the covari-
ates region, area, sex, maternal schooling, indigenous
ethnicity, socio-economic status and age showed that
there were no significant difference in the odds of be-
ing overweight by region of the country, or between
urban and rural populations. Female children had
higher odds of obesity than male (OR=1.26, 95% CI 1.10,
1.45). The analysis showed that the risk for overweight
and obesity was positively associated with maternal
schooling and socioeconomic status. Bivariate analy-
sis showed that the absence of a native language speak-

ing woman in the household was a risk factor for obe-
sity (OR=1.86, 95% CI 1.41, 2.46), although a lower es-
timate was obtained after adjusting for the remaining
variables in the model (OR=0.91, 95% CI 0.67, 1.23)
(Table II). We found a significant positive association
between age and the prevalence of overweight and
obesity (OR=1.05, 95% CI 1.02, 1.09), as presented in
Figure 1. In this figure we can also see that the mean
BMI also follows an increasing trend with age. Similar
models were fitted using father’s literacy instead of
maternal schooling as covariate. After adjustment for
other covariates in the model, father’s literacy was pos-
itively associated with the risk for overweight and obe-
sity in children (OR=1.44, 95% CI 1.07, 1.95), without
modifications in the association estimates of the other
covariates in the multivariate model.

Multivariate models to explore factors associated
with obesity and overweight were fitted by region to
assess the presence of differential risk factors associat-
ed with overweight and obesity in each region. Over-
all, the multivariate model results for the country were
consistent for each region. The only differences ob-
served were a greater risk of overweight and obesity
among girls and a greater risk for obesity associated
with higher maternal schooling in the South com-
pared with other regions (data not shown). For Me-
xico City it was not possible to assess the effect of urban
or rural residence or the presence of a native language
speaker in the household, due to the small number of
rural or native language speaking woman in the pop-
ulation of that specific region.

Discussion
This study provides the first evidence of the prevalence
estimates of overweight and obesity in children 5-11
years of age in Mexico, using data from a representa-
tive National Nutrition Survey (NNS-1999). At the
country level, results show that about one of every five
school-age children are overweight or obese. The risk
for obesity was higher in girls than in boys. Similarly,
the prevalence of overweight and obesity was positively
associated with father ’s literacy status, maternal
schooling, as well as with children’s age. The prevalence
figures of overweight and obesity in this study may be
compared with those reported in countries like Chile,
Brazil, United States, and Cuba.29-31

Father’s schooling has been shown to be a risk fac-
tor for the presence of overweight and obesity in chil-
dren. Previous studies conducted in the Mexican
population have documented an association between
the father’s schooling and obesity in children <5 years
of age.10 In the present study a positive association was

Table I
CHARACTERISTICS OF CHILDREN 5-11 YEARS OF AGE

FROM THE NATIONAL NUTRITION SURVEY, MEXICO, 1999*

Population estimate
Variable Sample (n) n (thousands) %

Region

North 3 188 2 657.4 17.7

Center 3 292 5 001.4 33.4

Mexico City 855 2 287.0 15.3

South 3 566 5 026.7 33.6

Area of residence

Rural 4 759 4 633.0 30.9

Urban 6 142 10 339.6 69.1

Sex

Male 5 396 7 353.9 49.1

Female 5 505 7 618.7 50.9

Father’s literacy status

Illiterate 1 492 2 037.8 13.6

Literate 9 409 12 934.8 86.4

Maternal schooling

Elementary school 5 087 6 368.6 42.5

Middle school 1 839 2 880.5 19.2

High school or above 1 560 2 763.6 18.5

No schooling 2 415 2 959.9 19.8

Indigenous ethnicity

No 9 750 13 372.2 89.3

Yes 1 151 1 600.5 10.7

Socioeconomic status‡ 10 901 14 972.6 -0.075‡

* Includes data from 10 901 children
‡ Mean of socioeconomic status index
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factor is not the absence of a native language speaking
woman in the household but rather some other related
variables (maternal schooling, or socioeconomic status)
that are positively associated with overweight and obe-
sity in school-age children.

Some limitations stemming from the NNS-1999
design and sample size should be considered when
interpreting the results of this study. It is a cross-sec-
tional survey; therefore, we cannot make causal in-
ferences relating obesity and overweight with the
exposure variables analyzed. A more precise measure-
ment of the children’s body composition was not pos-
sible due to increasing costs. The BMI was used as a
low-cost body composition indicator since it has a high
correlation with the amount of body fat.32 Measuring

found between maternal schooling and father’s litera-
cy, as well as higher prevalence estimates of overweight
and obesity among school-age children.

It should be emphasized that the socioeconomic
status and maternal schooling were associated with
obesity after adjusting for potential confounders in the
multivariate analysis, thus showing an independent
association with obesity. The positive association be-
tween socioeconomic status and the prevalence of obe-
sity may be related to more sedentary lifestyles and
changes in diet in higher socioeconomic strata.

Conversely, the absence of a native language speak-
ing woman in the household was positively associated
with obesity in the crude analyses. This effect vanished
in the multivariate models, thus suggesting that the risk

Table II
PREVALENCE RATES, CRUDE AND ADJUSTED* ODDS RATIOS OF OVERWEIGHT AND OBESITY, BY CHARACTERISTICS OF CHILDREN

5 TO 11 YEARS OLD IN THE NATIONAL NUTRITION SURVEY, MEXICO, 1999, USING THE COLE REFERENCE POPULATION2,3

Sample Population estimate Prevalence of Cruce Adjusted*
Variable N (thousands) overweight and obesity OR 95% CI OR 95% CI

National 10 901 14 972.6 19.5

Region

North 3 188 2 657.4 25.6 2.18 1.81-2.63 1.21 0.98-1.48

Center 3 292 5 001.4 18.0 1.33 1.11-1.60 0.94 0.77-1.15

Mexico City 855 2 287.0 26.6 2.19 1.72-2.79 1.20 0.92-1.56

South 3 566 5 026.7 14.3

Area of residence

Urban 6 142 10 339.6 22.9 2.21 1.91-2.55 1.08 0.92-1.28

Rural 4 759 4 633.0 11.7

Sex

Female 5 505 7 618.7 21.2 1.25 1.09-1.43 1.26 1.10-1.45

Male 5 396 7 353.9 17.7 1

Maternal schooling

Elementary school 5 087 6 368.6 17.6 1.57 1.27-1.94 1.18 0.94-1.46

Middle school 1 839 2 880.5 25.6 2.24 1.99-3.24 1.41 1.08-1.85

High school or more 1 560 2 763.6 25.6 2.53 2.00-3.21 1.32 1.01-1.73

No schooling 2 415 2 959.9 12.0 1

Indigenous ethnicity

No 9 750 13 372.2 20.4 1.86 1.41-2.46 0.91 0.67-1.23

Yes 1 151 1 600.5 12.1 1

Socio-economic status 10 901 14 972.6 1.76 1.63-1.89 1.62 1.47-1.78

* Adjusted by region, zone of residence, sex, maternal schooling, indigenous ethnicity, socio-economic status and age using logistic regression
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the height of children involves some complexity that
may be a further limitation; however, in the NNS-1999
weight and height were measured by standardized
surveyors using international guidelines.25,26

Several authors have been concerned with the be-
havior of weight-for-height standards in school-age
children and have strived to design an alternative in-
dex to improve the proper assessment of nutritional
status.33 The BMI was used as an indicator of over-
weight and obesity in the NNS-1999 and following the
recommendations of the International Obesity Task
Force we selected a reference population proposed by
Cole et al.23 Other options of reference populations that
have been proposed to define obesity are the Ame-
rican34 and the French35 populations. The former is
based on a population with a greater prevalence of
overweight and obesity that has been widely used as a
reference population; the latter population has a low-
er prevalence of overweight and obesity, and its use
has been recommended by a panel of experts assem-
bled by WHO.33 However, we selected the standard
proposed by Cole et al. because it is based on data from
several countries, which allows international compar-
isons, and also presents specific age and sex centiles
for children linked to adult cutoff points of overweight
and obesity associated with adult disease.

The NNS-1999 is a representative sample of the
four regions and urban and rural areas of the country.
However, it is not a representative sample at the state
level for all the states of the country, thus precluding

the possibility of making inferences at the state, mu-
nicipal, or local levels. By design, the survey sample
did not include the rural area of Mexico City. It is im-
portant also to note the small number of households
with indigenous dwellers, after stratifying by region
or by area, which made difficult to estimate odds ratios
for obesity and made the estimates unstable. A further
limitation of the study is that it was not possible to
control for maturation effects. After 5 years of age, part
of the variability in growth is due to maturation events
occurring in children at different ages. Early and late
maturation factors have been described with more def-
inite differentiation occurring after 5 or 6 years of age.
Even among healthy children, there is an important
variation on the maturation process. An early matura-
tion can be related to an increased risk of obesity.33 Not
including the extent of maturation in children may re-
sult in variation of our indicators if maturation events
differ by country regions or by sex. A final limitation
of the study is the presence of potential confounders
that were not included, such as diet and physical
activity or inactivity in children, or the parents’ body
composition. Due to the size of the study we were able
to gather information on those variables only in a sub-
sample of school-age children, not representative at the
country level. It may be possible that differences in
the prevalence of obesity found in this study by re-
gion or area reflect differences in diet or physical ac-
tivity patterns of school-age children residing in those
regions or areas. As for the case of parent’s body com-
position, the NNS-1999 collected data on weight and
height on a subsample of women of reproductive age.
However, only in a limited number of cases is there
information about school-age children and their moth-
ers. The reduced sample size of this group did not al-
low us to conduct statistical analysis with an acceptable
power, and therefore this was not carried out.

The present survey is the first study conducted in
school-age children, filling a gap of information on the
nutritional status of Mexican school-age children.
Study findings show that overweight and obesity is
an increasing public health problem in Mexico, calling
for the formulation of health policies and preventive
programs in this population group.
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