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ABSTRACT
Introduction: While the prevalence of overweight and obesity is pervasive in adults and children
in Mexico, differences and relationships among children and their mothers from different ethnic
groups, educational systems, and environmental settings in Mexico is understudied. Objective:
The present study tested the relationship between Maternal Body Mass Index (MBMI) and
Children’s Z-score Body Mass Index for Age (ZBFA) from indigenous, private, public and CONAFE
(community schools in marginalized rural areas) schools representing four distinct educational
systems in Hidalgo, Mexico.
Material and Methods: A survey-type study was carried out in a random sample of school children
and their mothers. The weight and height of the children and their mothers was evaluated with
standardize anthropometric techniques. Mothers’ and children’s scores were evaluated following
the recommendations by the World Health Organization (WHO).
Results: Prevalence of overweight was very high in mothers (55.8%), without signiﬁcant differences
in MBMI across the four different educational systems. Children from private schools showed
higher Body Mass Index, being the girls with the highest scores. Our initial model only included
MBMI and Children’s ZBFA, this relationship provided us with a model that explained only 7% of
the variance. However, when school type was added as covariate in models for boys and girls, the
explained variance increased (17% and 33% respectively).
Conclusions: It was found evidence of a low relationship between Maternal Body Mass Index
and Child Body Mass Index. This relationship was stronger when the type of school was added
as a covariate. The evidence revealed differences between the environment of rural and urban
schools, between mestizo populations and indigenous groups.
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Relación entre el Índice de Masa Corporal Materno y de sus Hijos
en cuatro Sistemas Educativos de Hidalgo, México

PLABRAS CLAVE
Índice de Masa
Corporal;
Grupos Étnicos;
Niño;
Relaciones
Madre-Hijo.

RESUMEN
Introducción: Si bien la prevalencia del sobrepeso y la obesidad es una epidemia en adultos y
niños en México, las diferencias y las relaciones entre los niños y sus madres de diferentes grupos
étnicos y sistemas educativos en México han sido poco estudiadas. Objetivo: El presente estudio
probó la relación entre el Índice de Masa Corporal Materno (IMCM) y los puntajes Z del Índice
de Masa Corporal de sus hijos (ZIMC) de estudiantes de escuelas indígenas, privadas, públicas y
CONAFE (escuelas comunitarias rurales marginadas) en el estado de Hidalgo, México.
Material y Métodos: Se realizó un estudio tipo encuesta en una muestra aleatoria de niños en
edad escolar y sus madres. El peso y estatura de niños y sus madres se evaluaron con técnicas
antropométricas estandarizadas de acuerdo con protocolos de la Organización Mundial de la
Salud (OMS).
Resultados: La prevalencia de sobrepeso fue muy alta en las madres (55,8%), sin una diferencia
significativa en el IMCM por tipo de escuela. Niños que asistían a escuelas privadas tenían un ZIMC
más alto, y fue mayor en el caso de las niñas. El IMCM se relacionó con el ZIMC de los niños (7%
varianza explicada), cuando agregamos el tipo de escuela como covariable en modelos por sexo,
el porcentaje aumentó (17% para niños y 33% para niñas).
Conclusiones: Se encontró evidencia de una baja relación entre el índice de masa corporal materno y el índice de masa corporal infantil. Esta relación fue más fuerte cuando se agregó el tipo
de escuela como covariable, lo que reveló diferencias entre el ambiente de las escuelas rurales y
urbanas, entre las poblaciones mestizas y los grupos indígenas.
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INTRODUCTION
Worldwide data indicate that there are more than 42
million children under 5 years old with overweight in 20131.
In Mexico, the ENSANUT (National Survey on Health and
Nutrition) has revealed that in 2016, three out of ten boys
and girls (ages between 5-11 years old) have overweight
or obesity (33.2%). In adults (older than 20 years old), the
combined prevalence of overweight and obesity is 72.5%.
The most relevant increase is in adult women (75.6% with
respect to 2012), being women in rural environment with
the highest increase (8.4%) compared to women in urban
environment (1.6%)2. These differences have been reported
in Mexico by sex, and between rural and urban populations;
however, there are no data in rural environment according
to ethnicity. The Body Mass Index (BMI) is an indicator
frequently used to evaluate the prevalence of overweight

and obesity; however, there is now plentiful evidence to
support the hypothesis that BMI is not equivalent in different
populations across different ethnicities and sex3. Valdhuis,
te Poel, Pepping, Konijn, & Spekman have showed that
overweight and obesity is higher among children of some
non-Western ethnic minorities than among their Caucasian
counterparts in Dutch population4. Some other disparities
can be showed between Hispanic, African-American and
White boys and girls in the United States. Some of these
differences can be explained by differences in birth weight
and family characteristics, including the perception of
parents about safety in neighborhoods5. O´Hara & HaynesMaslow have pointed out that Hispanic male children and
low-income Hispanic children reported a positive association
between BMI and vending machine availability compared to
other ethnic groups6. Similarly, Maternal Body Mass Index
(MBMI) can be associated to child nutritional status. Tigga &
Sen indicate a strong genetic component between mothers
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and their children anthropometry7. Maternal nutritional
status is strongly related to children nutritional status and
their BMI during the whole life8,9. Other factors can influence
in the Children Body Mass Index (CBMI) such as: birth
weight, television viewing hours, fast food, physical activity,
maternal smoking during the first year of life, maternal
and paternal smoking, maternal weight, skipping breakfast
during pregnancy, early life exposures to antibiotics and
other drugs, poverty, low income, birth weight, low levels
of education, maternal health, health behaviors during
pregnancy, breastfeeding duration, and child-mother socioeconomic status and poor access to health and educational
services1,10–12.
Mexico has a diversity of indigenous groups and lowincome populations in rural areas that have specific scholar
programs for children and adolescents. For this study, four
distinct elementary school programs (for children between
6 and 12 years old) were identified. Broadly, there are school
programs for children in urban and rural environments that
are completely secular and public. Alternatively, a child can
assist to private school; these schools involve several costs
depending on the courses, quality and geography, they are
not necessarily secular and are not completely regulated by
the state13. A third case of elementary schools are the CONAFE
schools (National Council for Educational Development).
These schools promote and provide a different and specific
educational attention to rural population, who do not have
the benefits of urban social development14. Finally, the
fourth case of elementary school is part of the public system
but with the particularity of being specific for indigenous
communities in Mexico.
Given the differences between urban and rural populations
and overall indigenous population, the aim of this study
was to test the relation between Maternal Body Mass Index
(MBMI) and Z-score Body Mass Index for Age (ZBFA) and the
differences in mothers and their children (boys and girls)
in four different school systems (these systems involved at
least three different groups in Mexico: Indigenous, Rural, and
Urban populations) in order to know differences between
children from different populations and the relationship
with their mothers.

MATERIAL AND METHODS
Participants
The present study was carried out among children and their
mothers from Hidalgo State, Mexico. Hidalgo is one of the 32

political and economic administrations in Mexico, the state
is divided into 84 municipalities and a Capital City named
Pachuca de Soto. The most representative native cultures are
the Nahuatl and Otomi cultures. The geographic area is of
roughly 20,813 square km and total population are around
2.665 million, of which approximately 13% corresponds to
school-age population15.
A survey-type study was carried out in a random sample of
school age children and their mothers, who were part of the
project “Nutritional Profile of School Children from Hidalgo
2010 (PENUTEH)”. The participants were selected using a
stratified random sampling method in all the State, the main
reference was the school and the four different elementary
school systems. The names of all these students from 1st, 3rd
and 6th year were registered, and it was used a representative
sample of 917 school children and their mothers.
Subsequently, the selected children and their corresponding
mothers were identified and both were measured. After that,
a balanced ANOVA model was made with the same quantity
of children in each educational system. Power and sample
size of a statistical ANOVA test (0.80) was calculated in order
to avoid the likelihood of Type II error. With a model of gender
2 * and school type 4, 10 participants per group are required.
In our case, 30 participants were recruited (60 mothers and
children from a private school, 60 mothers and children from
a public school, 60 mothers and children from an indigenous
school, and 60 mothers and children from CONAFE Schools).
In order to estimate effect size, eta squared and d Cohen
were calculated.
Anthropometric measurements recorded
The weight (scale SECA® model 813, precision=100g) and
height (portable model SECA® model 206, precision=0,1cm)
of the children and their mothers were evaluated by
previously standardized nutritionists who used conventional
anthropometric techniques. The values of Z-score heightfor-age (ZHFA) and Z-score for Body Mass Index for Age
(ZBFA), Children Body Mass Index (CBMI) were calculated
by using the WHO child growth reference value in the R
macro package16. The Maternal Body Mass Index (MBMI)
and classification were calculated and assessed following
international cutoff point proposed by the World Health
Organization (WHO)17.
Statistical Analysis
A two-way ANOVA model analysis (4 * 2) was applied in
order to find statistical differences between main effects and
interactions among ZBFA by types of Mexican Schools and
children sex. Data were tested for normality and homogeneity
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of variance. Data had a normal distribution p=0.093 tested
with Shapiro-Wilk test. Homogeneity of variance was rejected.
It was decided to adjust data significance with Bonferroni
test effects for nonhomogeneity of variance. One-way ANOVA
model analysis with MBMI was conducted in order to find
differences between the four different school types. Simple
linear regression was conducted with ZBFA as criterion
variable and MBMI as predictor variable. Finally, an Analysis
of Covariance was conducted as General Linear Model to
assess the association of MBMI (predictor) on children’s
Z-scores (criterion) with type of school as covariate in two
different models, one for boys, and one for girls.
The data was statistically analyzed using R program 3.4.2
version as a free software environment for statistical
computing and graphics, as well as R Studio 1.1.453.
Ethical considerations
This research is part of the project Nutritional Profile of
School Children from Hidalgo 2010 (PENUTEH) approved
by the Ethics Committee of the School of Health Sciences
at the Universidad Autónoma del Estado de Hidalgo, which
is governed by medical research principles when research
involves human subjects (Declaration of Helsinki). In all cases
there is an informed consent signed by the mothers and the
child’s assent was requested to make the assessments.

RESULTS
The overall mean and standard deviation of mothers and
their children was summarized in Table 1.
Prevalence of Different Grades of Nutrition
among Mothers based on BMI
The prevalence of overweight, obesity and morbid obesity
was very high, more than half, 55.8% (n=134). It is important
to point out that 42.5 % (n=102) of mothers are within the
normal range (Table 2).
The differences between MBMI in mothers with children in
the four educational systems, were tested; data indicate that
there is not a signiﬁcant difference (F(3,232)=1.112, p=0.345,
η2= 0.014).
Children Body Mass Index: Differences between Sex
and School type
There is no significant main effect of sex (boys and girls)
(F(1,232)=2.325, p=0.128, η2=0.010). There is a significant main
effect of school type (F(3,232)=16.282, p=0.000, η2=0.174).
Post hoc analysis with Bonferroni adjustment indicates
differences between the following groups: Children studying

Table 1. Descriptive statistics of the age of mothers and children and anthropometric variables.
Variable

N

Mean SD

Age (years)

237

34.06±6.39

Height (cm)

240

151.87±6.27

240

60.30±11.56

MBMI (kg/m )

240

26.06±4.26

Mothers' waist (cm)

238

83.87±9.90

Mothers´ variables

Weight (kg)
2

Children’s variables

Girls

Boys

Age (years)

240

8.86±2.01

8.67±2.06

Height (cm)

240

127.16±13.84

126.66±12.66

240

27.98±9.54

27.89±8.82

Weight (kg)
CBMI (kg/m )

240

16.79±2.62

16.95±2.50

ZHFA (Z-score)

240

-0.8132±1.01

-0.7280±1.09

ZWFA (Z-score)

176

-0.4809±1.16

-0.2653±1.32

ZBFA (Z-score)

240

0.0908±1.10

0.2899± .13

2
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Table 2. Mother Body Mass Index (MBMI) and classification.
Classification

MBMI kg/m2

N 240 (%)

≤ 15.99

0

Moderate thinness

16.00 - 16.99

0

Mild thinness

17.00 - 18.49

4 (1.7%)

Normal range

18.50 - 24.99

102 (42.5%)

Overweight

25.00 - 29.99

92 (38.3%)

Obesity

30.00 - 39.99

41 (17.1%)

≥ 40.00

1 (0.4%)

Severe thinness

Morbid Obesity

-0.308±1.022, p<0.000 and Indigenous School -0.336±0.831,
p<0.000). Also, girls studying in a Public school have a
higher ZBMA than boys studying in Rural (0.119±0.819),
p=0.002 and indigenous schools (-0.342±0.990), p<0.000.
In the case of boys, those studying in Private schools
(0.687±1.392) have a higher ZBMA than boys in indigenous
schools (-0.342±0.990), p=0.010, girls from an Indigenous
school (-0.336±0.831), p=0.002, and girls from a rural school
(-0.308 ± 1.022), p=0.004 (Figure 1).

in private schools have higher scores (0.861±1.17) than
children in public (0.335±1.06), indigenous (-0.340±0.906)
and rural schools (-0.095±0.943).
There is a significant interaction effect between school type
and sex (F(3,232)=3.255, p=0.022, η2=0.040). Post hoc analysis
with Bonferroni adjustment indicates differences between
the following groups: Girls studying in a Private school have
higher scores (1.034±0.903) than girls in other educational
systems (Public school -0.026±1.061, p=0.031; Rural school

Figure 1. Plot of the effects of the interaction between sex and school type by Z-score for Body Mass Index for Age (ZBFA).

Sex*TypeSchool effect plot
Public

Sex=Boys

ZBFA

0.5

0.0

-0.5

Private

Indigenous

Indigenous

Sex=Girls

1.0

Public

Private

Rural

TypeSchool

Rural
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Relationship between MBMI and ZBFA
A simple linear regression was used in order to test the
relationship between MBMI (predictor variable) and ZBFA
(criterion variable). With this model a significant proportion of
variance was explained 7.3%, R2=0.073, adjusted R2=0.069,
F(1,238)=18.93, p=0.000 (Figure 2).
In fact, that two-way ANOVA model showed differences
between school type and sex. It was decided to conduct a
covariate analysis with ZBFA as criterion variable, MBMI as
Predictor and the School type as a covariate in the sample,
one model for girls and one model for boys.
Boys Model: MBMI and ZBFA for School Type
With the MBMI and the School type as moderator, a significant
proportion of variance in ZBFA was accounted for 17%,
R2=0.172, adjusted R2=0.143, F(4,115)=6, p=0.000. A histogram
of residuals from a linear model shows that the distribution of
these residuals was approximately normal. Boys from public
and private schools have a similar pattern with higher scores of
ZBFA (Figure 3).
Girls Model: MBMI and ZBFA for School Type
In the girls model the results were: R2=0.329, adjusted
R2=0.306, F(4,115)=14.12, p=0.000. The model explained 33%

of the variance; double from the boy’s model. Residuals
were approximately normal. Girls studying in the private
school were different from the rest (Figure 4).

DISCUSSION
The aim of this study was to explore the association between
MBMI and ZBFA among children from different school
systems. As a first result, differences by type of school were
found: children from a private school have higher scores than
the other three groups and even when there is no difference
between children sex, interaction shows differences between
girls from a private school compared to the rest of the girls.
MBMI influenced the ZBFA but, when the school was added
as a covariate, the explained variance increased from 7.3%
to 14% in boys and 33% in girls. The relationship motherdaughter was clearer than mother-son relationship.
The results of the current study are in line with findings from
other studies. Previous research also found that MBMI has
an important influence over ZBFA3,5, nevertheless, is not
equivalent in populations across different ethnicities6. Even
when MBMI can be highly associated with ZBFA, ethnicity
can have differences related to other socioeconomic

Figure 2. Simple linear regression for the relationship between MBMI and ZBFA.

Scale-Location

0,5

1.0

1.5

240 58

0.0

Standardized residuals

8

0.0

0,5

Fitted values
Im (ZBFA ~ MBMI)

1.0
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3
2
1
0
-1

Public
Private
Indigenous
Rural

-2

Boys Z-Score Body for Age ZBFA

Figure 3. Best fit lines for ZBFA in children predicted for MBMI and mediated by the school type in boys.
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Figure 4. Best fit lines for ZBFA predicted for MBMI and mediated by the school type in girls.
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characteristics, these differences can be related to
economical rate, income, educational level, access to
nutritious and diverse food, poor access to health and
educational services1,10–12. These disparities should be taken
into account when MBMI and ZBFA relationship is assessed.
Furthermore, these differences should be analyzed in order
to identify a health public agenda that pointed out the
diversity of this relationship, and how ethnic differences
should guide a diverse agenda.

Children in a private school have higher scores than other
groups; this is especially true for girls compared to any
other group. In contrast, children from indigenous schools
and rural environments have the lowest scores. Most of
the girls studying in public schools live in the Capital City
of the State; their parents have more economical resources
than the other groups. According to the National Council for
the Evaluation of Social Development Policies (CONEVAL),
data from 2018 indicated that the State of Hidalgo is on
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the list of the ten poorest states in Mexico18. From a total
population of (2,980,532), 43.8% is on a poverty strata
level, and 6.1% is in extreme poverty conditions. Hidalgo
is also the fifth state with more indigenous populations in
the country (26,3% from total population)19. This poverty
and inequality in this state is reflected in schools. Children
from indigenous communities have a poorest physical
and mental development. Compared to the national
problem of overweight and obesity in children, Hidalgo
has undernutrition and poor access to health food among
children from marginalized communities20.
Conventionally, research has been focused on indigenous
population; nevertheless, rural populations have the
same priority with children at school age, undernutrition
and poor access to mental and physical health. One of
the contributions of this study was to point out this risk
population. They are not considered indigenous populations
but they have the same risks than this neglected population
in the State. It has been reported that Mexican school
children from households with food insecurity have a lower
consumption of fruits, vegetables and protein-rich foods,
and a high consumption of refined grains, which affects
their nutritional status; specially children from indigenous
and rural environments16,21.
On the other hand, girls from private schools, have a
stronger association with MBMI than other girls and boys.
This association is related to the presence of higher scores in
ZBFA in girls. Access to more economic resources and more
calorie intake can be one of the reasons of this increase. Even
when boys and girls from private schools have a greater
association with MBMI. This result has more implications in
diet, and increases the knowledge about mother-children
relationship4.

infrastructure resources for recreation and sports available
in these schools23. Children from private schools have
more access to infrastructure resources but, at the same
time, have more resources for calorie intake compared to
other groups. Accordingly, school agendas should not just
be to increase the infrastructure resources, it is equally
important to give diet recommendations according to their
population.

CONCLUSIONS
It was found evidence of a low relationship between
Maternal Body Mass Index and Child Body Mass Index. This
relationship was stronger when the type of school was added
as a covariate. The evidence revealed differences between
the environment of rural and urban schools, between
mestizo populations and indigenous groups. Intervention
programs should take into account the differences between
the school environments according to the context. Special
attention should be paid to children of indigenous schools
and marginalized rural Mexican schools, to reduce the gaps
in their condition of malnutrition and improve their life
quality.
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It was expected to find similar differences between MBMI
among schools; nonetheless, there are no differences
between them. This homogenous MBMI can be explained by
the widespread overweight and obesity in adults from rural
and urban environments and across socio-economic strata
in Mexico16. Research requires other maternal characteristics
(e.g.: educational level, employment status), children
environment (school infrastructure, poverty), household
(food security) and other anthropometric measurements
should be taken into account for better predictions22. In
addition, psychological aspects such as mother’s body
image dissatisfaction can have an influence on children’s
overweight and obesity.
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Furthermore, other studies reported important differences
in preferences and type of physical activity carried out by
school children in private and public schools, as well as the
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