
A 10-month anthropometric and bioimpedance evaluation of a nutritional education program Journal of Human Growth and Development 2012; 22(3): 273-290

– 283 -

A 10-MONTH ANTHROPOMETRIC AND BIOIMPEDANCE EVALUATION
OF A NUTRITIONAL EDUCATION PROGRAM FOR

7 - TO 14-YEAR-OLD STUDENTS

Rubens Feferbaum1, Claudio Leone2, Rosemeire Casanova Nogueira3, Patricia Neri Cavalcanti3,
Eduardo Blanco Cardoso4, Monica Allende Serra5

1 MD PhD - Children’s Institute and Department of Pediatric Medicine. Faculty of Medicine of University of São Paulo
2 MD PhD - Department of Maternal and Infant Health, Faculty of Public Health, University of São Paulo
3 Dietitian - Industrial Social Service of São Paulo State – Quality of Life Department Solidarity and Cultural and Social Development

Fund of the State of São Paulo
4 MD PhD - Continuing Education Program of the Oswaldo Cruz Alemão Hospital (Unit Mooca), São Paulo
5 Psychologist MSc PhD - Educational Advising. United Metropolitan Colleges – FMU.

Corresponding author: rfeferbaum@uol.com.br

Suggested citation: Feferbaun R et al. A 10-month anthropometric and bioimpedance evaluation of a nutritional education program
for 7 - to 14-year-old students. J. Hum. Growth Dev. 2012; 22(3): 283-290
Manuscript submitted Aug 08 2011, accepted for publication Jul 10 2012.

ABSTRACT:

Over the past several decades, an increasing prevalence of excessive weight has been observed
among children. Considering the importance of schools in promoting health, the implementation of
individualized educational interventions in a school setting is necessary. The present study aimed to
determine the influence of a nutritional education program in promoting the healthy eating habits
and nutritional status of school-aged students. A total of 416 children and adolescents between 7
and 14 years of age who were enrolled in 2 complementary public schools were evaluated. A 10-
month intervention in one of the schools was based on a nutritional education program targeting the
students, legal guardians and school staff and involved substantial changes in the school meal
menu. Weight, height, BMI, lean mass and body fat mass were evaluated in both the intervention
(school 1) and the control (school 2) groups. At the beginning of the study, both school 1 and 2
exhibited a prevalence of overweight (34.0% and 28%, respectively) and obese students (16.9%
and 10.4%, respectively); obesity was significantly reduced by the end of the study (p = 0.001).
The growth of the students was considered normal for the age range in both schools, although it was
slightly larger in school 1 (p = 0.04). Measurements of body composition, which were collected
using bioelectrical impedance, indicated an increase in lean mass in both schools (p < 0.01) with an
increase in body fat mass being observed only in school 2 (p = 0.01). These results, which are
related to a significant reduction of the BMI, a change in bodily proportions and an increase in height
growth for the students of school 1, indicate the beneficial aspects of the adopted diet.

Key words: school meals; nutritional education; body composition in children and adolescents.

INTRODUCTION

Nutritional transition, observed in developed
countries since the 1970’s, has progressively and
increasingly affected emerging countries1,2 and
influenced the rapidly growing prevalence of
childhood obesity. Childhood obesity has been
associated with several complications not only in
childhood and adolescence but also in adulthood
and is becoming a true worldwide epidemic3,4.

Several studies have shown a direct
correlation between the duration of obesity and
cardiovascular disease morbidity and mortality3.
Therefore, the increasing observation of obesity in

younger populations, including lower-income
populations5, indicates a serious problem.

Unfortunately, educational campaigns based
on providing additional nutritional information have
failed to improve eating habits. Food consumption
habits reveal motivations other than eating to
remain healthy, and the following can be observed
among the influencing factors on diet: individual
preferences, acquired habits, schedule
conditioning, financial resources, the degree of
importance granted to satisfying the appetites or
requirements of the various members of a given
household, etc6. Ignoring these factors will
condemn any campaign on nutritional education
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to failure. Until now, the government-adopted
measures aimed at changing the eating habits of
a population have been inefficient. Therefore,
before devising methods on how to change those
habits, one must strive to understand the
nutritional behavior of the studied population; only
then should one plan the most efficient approach
to influence the study subjects of a given cultural
and historic moment.

For Brazilian children between the ages of 7
to 14 years who consume at least one meal each
school day, the relevance of the schools’ role in
promoting health and good eating habits may be
fundamental, necessitating individualized
interventions that are oriented toward avoiding or
correcting nutritional disorders. The goal would be
to ensure the normal development and growth of
the target population.

To evaluate a nutritional education program
devised for public school students with the goal of
promoting healthy eating habits and to analyze and
compare the resulting changes in the nutritional
states of the students by anthropometric and
bioimpedance (BIA).

METHODS

The present paper describes a prospective
and controlled intervention study. The participants
consisted of 416 children and adolescents between
7 and 14 years old of both genders who were
enrolled in 2 complementary public schools located
in the São Paulo city center.

The population of the study was divided into
2 groups: intervention (school 1: 213 students) and
control (school 2: 203 students). No dietary or
physical activity restrictions were imposed for
inclusion in this study.

Over a period of 10 consecutive months, the
nutritional intervention program in school 1 was
structured by a permanent team of specialists in
child nutritional education with effective
participation by the educators of the school.

The program aimed to impart a greater
awareness and consciousness to the students,
school officials and educators by promoting healthy
eating habits through meetings, lectures, culinary
workshops, practical classes and recreational
activities that were appropriate for the age group
of the participants.

The intervention was modeled after Sesi-SP’s
Eat Well Program [Programa Alimente-se Bem do
Sesi-SP]7. The menus followed the nutritional
parameters of the aforementioned program.

Daily monitoring of the students was
performed during mealtime by attempting new
recipes and utilizing foods to their fullest extent
(beyond what was normally consumed).

The Avanutri8 software was used to calculate
the meal menus. The menus aimed to provide 40%
to 50% of the uptake reference values of the

following nutrients: the total energetic value (TEV),
carbohydrates, proteins, fats, fiber9,10, calcium, iron
and vitamins11.

Both of the schools provided a healthy meal
on a daily basis; however, in the intervention school,
the educational program aimed to offer a greater
variety of vegetables and fruits, with the waste being
calculated from the quantity of leftovers. The
students were given more freedom to make choices
regarding food quantity and variety because the
meals were distributed in a “self-service” manner
unlike in the control school, where meal distribution
was performed using the portion system, and the
students were unable to make a voluntary meal
choice.

Weight and height measurements were
performed on students from both schools at the
beginning and end of the study using a standardized
technique12,13.

The nutritional states of the students were
evaluated using the Z-score for the weight/age,
height/age, weight/height and BMI indices,
according to the World Health Organization (WHO)
reference values14 for each sex. The CDC 200015

referential was specifically chosen to calculate the
weighted Z-scores. The students whose BMI was
equal to or larger than 1 Z-score were considered
to have excess weight (overweight and obese).
Changes in the nutritional state were analyzed by
calculating the changes in the Z-score values of the
evaluated anthropometric parameters.

At previously designated times, the lean and
body fat mass levels of the students were
determined by BIA using the InBody 230 model by
Biospace Co. Ltd., which is a Vector Impedance
Apparatus, BIA System that uses 8 points of
measurement; the lean and body fat mass values
were compared sequentially.

The project was approved by the Ethics in
Research Committee of Darcy Vargas Pediatric
Hospital [Hospital Infantil Darcy Vargas]. The
parents or legal guardians of the children completed
and signed informed consent forms authorizing the
children to participate in the study.

RESULTS

The data regarding the age, sex and initial
conditions of the participants are summarized in
Table 1; the sex and age distributions were similar
in both schools. The average height and BMI values
also failed to indicate any significant significant
differences between the schools.

Table 1 indicates that the heights of the
students were compatible with the WHO reference
values14. The BMI values indicated that the students
at both schools exhibited a tendency toward being
overweight relative to the corresponding WHO
reference.

Overweight students were observed at both
schools at the beginning of the study (Table 2).
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Table 3 summarizes the anthropometric
results determined at the beginning and end of the
study for both schools. An adequate growth relative
to weight and height was observed, and the students
of school 1 showed a statistically significant increase
in height, which was not observed in school 2.

As outlined in Tables 3 and 4, a statistically
significant reduction of the average BMI Z-score was

observed in the students from school 1 relative to
the initial BMI measurements.

Table 5 indicated that the body compositions
of the children, measured using BIA, showed a
significant increase in muscle mass for both groups.
The students from school 2 also showed an increase
in body fat mass percentage; this increase was not
observed among the students from school 1.

Table 1: The characteristics of students in both schools, all of whom remained until the study conclusion,
regarding the sex and age distributions at the beginning of the study

Sex                         School 1 (intervention)                        School 2 (control)
                          (n=206)                                 (n=182)

Male Male Male Female
96(46.6%) 110(53.4%) 98(53.8%) 110(53.4%) p=0.18(NSig)*

                     Average ± standard deviation        Average ± standard deviation
Age (years) 10.00 ± 1.80 10.10 ± 1.90 p=0.14(NSig)**

Height (Z-score) 0.11 ± 1.06 0.03 ± 0.99 p=0.73(NSig)**

BMI (Z-score) 0.11 ± 1.06 0.41 ± 1.19 p=0.29(NSig)**

* χ2 Test
** Mann-Whitney Test

Table 2: The nutritional disorder frequency in the students of both schools at the beginning and end of the
program, as diagnosed using the BMI anthropometric criteria*

                                  School 1                                     School 2
Start End Start End

Underweight 2.9% 3.4% 1.6% 1.6%
Overweight 17.5% 18.1% 17.6% 16.5%

Obesity 16.9% 13.1% 10.4% 10.4%

* According to the criteria proposed by the Ministry of Health, General Coordination of Food and Nutrition Politics –
CGPAN, Food and Nutrition Surveil lance System (SISVAN) (http://nutricao.saude.gov.br/sisvan.
php?conteudo=curvas_cresc_oms).

Table 3: The height, weight and BMI Z-score average distributions at the beginning and end of the study,
categorized by school

Variables                           School 1                    School 2
(Z-score                          (n = 206)                    (n = 182)

average ± sd) Start End Start End

Height 0.11 0.14 p=0.04*(***) 0.03 0.05 p=0.27*

± 1.05 ± 1.04 ± 0.99 ± 0.97

Weight** 0.24 0.21 p=0.20* 0.14 -0.03 p=0.30*

± 1.21 ± 1.18 ± 1.04 ± 2.30

BMI 0.53 0.45 p=0.01*(***) 0.39 0.36 p=0.24*

± 1.05 ± 1.04 ± 1.18 ± 1.19

* Student’s t-test for paired variables;
** Centers for Disease Control – American reference values;
*** Significance P < 0.05

Table 4: The BMI average Z-score difference of the students with excess weight (WHO, 2007) at the
beginning and end of the study, categorized by school

School 1 School 2

Average BMI -0.242 ± 0.053 -0.101 ± 0.054 p<0.03*(***)

difference ± sd (n=71) (n=50)

* Student’s t-test for paired variables ***Significant
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Concerning the eating habits of the students,
a 30% increase in fruit and vegetable consumption
was observed in school 1 with a 95% acceptance
rate and a simultaneous 33% reduction in organic
waste.

The families of the students were also
observed to be involved in scheduled meetings, with
the mobilization of all the legal guardians of the
students.

DISCUSSION

The transition between childhood and
adolescence is a crucial stage in human
development, involving multiple physiological and
psychological changes. Both of these types of
change exert a direct influence on behavior,
nutritional requirements and eating habits.
Hormonal surges also play a role and result in
important individual body composition changes.
Consequently, the energy and nutrient requirements
during this period are greater relative to other
stages of life16,17.

The social and cultural factors that
characterize the present time tend to affect dietary
patterns and levels of physical activity. In addition,
they are largely dependent upon the developing
individual. Consequently, the individual may acquire
maladaptive habits that typically persist throughout
adulthood with a concomitant increase in health
risks. It has been shown that the presence of
nutritional disorders during childhood and
adolescence can cause a remarkable increase in the
probability of certain diseases, such as dyslipidemia/
atherosclerosis18, eating disorders, obesity/
diabetes19, osteoporosis20 and certain types of
cancer21.

The current study arose from a set of
problems associated with the Brazilian children
population, stemming from inadequate eating habits
in conjunction with changes in nutritional behavior
and an absence of physical activity. The 2008/2009
Family Budget Survey22, undertaken by the Brazilian
Institute of Geography and Statistics [Instituto
Brasileiro de Geografia e Estatística], showed that

1 in 3 children between 5 and 9 years old was
overweight according to the WHO guidelines23. The
prevalence of overweight among young people
between 10 and 19 years old increased from 3.7%
in 1970 to 21.7% in 2009.

Although the problems associated with excess
weight are not exclusive to Brazil, no comparable
data on food and nutrient intake is available from
the U.S.A. or from the countries of the European
Union, despite the alarming data that have been
observed. The absences of multicentric studies
examining a large volume of individual cases and
unified methodologies complicates the development
of proposals centered on evidence-based health
promotion. Moreover, quantitative evaluation of the
nutritional state of children and adolescents is often
difficult because no succinct definition of child
obesity exists. However, in an attempt to
contemplate and unify all of these aspects, the
WHO14 advocates using the 85th and 95th percentiles
(P85 and P95) of growth curves as threshold points
for the diagnosis of obesity.

Using the BMI in statistically homogeneous
populations (Table 1) as a quantitative indicator of
the nutritional state, the average BMI value
measured in both schools tended toward overweight
students and was approximately 0.5 standard
deviation (sd) above the WHO-advocated median14.
This finding was consistent with observations of
school-aged children in Brazil and is likely a result
of the ongoing nutritional transition and a reflection
of the worldwide ongoing trend that was first
observed in industrialized countries in the early
1980s1,24.

At the beginning of the study, overweight
frequencies of 34.4% and 28.0% and obesity
frequencies of 16.9% and 10.4% were observed
for schools 1 and 2, respectively (Table 2). Although
the measurements collected at the end of the study
indicated a trend toward reduction, a statistically
significant reduction of these proportions was not
observed. However, when considering the obese
children from school 1, the degree of obesity was
reduced at the end of the intervention period. The
fact that this result did not extend to the proportion
of overweight children may theoretically be

Table 5: Average Skeletal Muscle Mass (SMM) and body Fat Mass (FM) values, obtained from the BIA
measurements of the students at the beginning and end of the study, categorized by school

School 1 (n = 206) School 2 (n = 182)

Start 14.3 ± 4.68 14.7 ± 4.46
SMM(average ± sd) End 15.6 ± 4.98 15.8 ± 4.87

p< 0.01* (***) p< 0.01* (***)

Start 22.9 ± 9.31 21.2 ± 8.86
FM(average ± sd) End 23.1 ± 9.04 22.2 ± 9.54

p=0.20* (NSig) p=0.01* (***)

* Student’s t-test for paired variables
*** Significant
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attributed to the short duration of the intervention.
One should also emphasize that the intervention
did produce changes in the anthropometric
parameters; in particular, there was a significant
reduction in the BMI average Z-scores of the obese
children (Tables 3 and 4), who presumably had more
room to improve their nutritional habits.

There are several published random clinical
studies on children and adolescent obesity
prevention in school environments (each with
important methodology limitations), several
reviews25-30 and a small number of clinical practice
guides31-33. Moreover, these studies display an
important level of heterogeneity concerning the
strategies employed (diet and physical activity),
place of intervention (school, work and home) and
the recruitment of families during the process.
Because of this heterogeneity, it is ultimately difficult
to establish an obvious cause-and-effect association
from the findings of these studies, even when the
duration of the intervention is not considered.

Satisfactory results can be observed among
the dietary interventions for obesity prevention that
focused particularly on children and adolescents and
lasted for 1 year or more, such as Planet Health34,
which included 1,295 students from 11 to 12 years
old in 10 schools in the United States. The
intervention focused on dietary changes and a
reduction of sedentary behaviors and produced a
significant decrease in obesity in the intervention
group, whereas the obesity levels remained stable
in the control group. However, the APPLES (Active
Programme Promoting Lifestyle in Schools) study,
which was developed in England and involved 634
students from 7 to 11 years old for approximately
1 year, revealed no statistically significant changes
in the BMI values35. Longer nutritional interventions,
up to 2 years, were also revealed to be ineffective36.

Of the few existing studies performed on
children and adolescents that lasted less than 1 year,
a study conducted in Chile that was carried out over
a 6-month period must be discussed. This study
aimed to improve nutritional education and promote
physical activity among 2,375 children enrolled in
primary schools37. The final evaluation of the
intervention revealed no significant differences in
the BMI between the intervention and control
groups.

These results showed that the success of an
intervention did not depend on the duration of the
intervention “per se,” in spite of standardized diets
and regular physical activity. The results depended
on the facilitating factors rather than on the
individuals themselves.

A likely facilitating factor to reduce BMI in
overweight children over a relatively short 10-month
period, as in the present study, lies in the awareness
process, which involves the students, their parents
and educators. Various interventions may have a
positive (albeit small) effect on fruit and vegetable
consumption when applied equally to both genders.
The biggest effects were observed on interventions

that involved the parents of the children and the
professors who directly addressed them38.

Regarding physical activity, not all of the
programs developed to treat overweight and obese
children and adolescents have been effective in
reducing BMI39. However, it is well known that
physical activity may temporarily reduce the body
fat mass percentage40,41 and consequently, the
presence of cardiovascular disease risk factors42,43.

In the present study, children with previous
organic diseases or special dietary requirements
were not included in the study. All of the participants
showed good physical performance and overall
conditioning. Therefore, neither complementary
physical activity nor specific dietary restrictions were
applied.

One of the differentiating factors of the
present study when compared to previous studies
was the fact that the students were allowed to
choose their meals according to their individual
preferences and their reported experience of good
“taste.” As a result, their meals were more
appealing, and they were allowed to practice the
pleasure of meal autonomy. The increase in variety,
the diversity of appetites contemplated and the
variety of healthy and affordable food made
available to both the school and family environments
enabled the students enrolled in school 1 to choose
from various appetizing options, which were then
partially replicated in their households by involved
parents. Therefore, it appears that for an
intervention to become effective, one should not
focus solely on the nutrients necessary for a health/
disease balance but rather focus on the pleasure
derived from food. This approach enables a larger
preference for the consumption of in-season fruits,
greens and vegetables, leading to an integral uptake
of all of their components, and creates a situation
in which the primary consumers, the students, are
more involved along with their families.

Student growth was considered normal for
the age range; however, growth was significantly
greater in the intervention school (school 1; Table
3). The meals offered to the school 1 students were
almost certainly a positive influencing factor toward
achievement of the height standard. In this regard,
correcting the nutritional habits of children through
their adoption of a well-balanced diet will ensure
their normal development in the majority of cases.

Although weight is not regarded as an
important parameter to assess the nutritional state
of children in this age range (it is not typically
considered for children over the age of 5),44 the
obtained data showed no statistically significant
variations in the weight averages recorded for either
school (Table 3). However, the BMI values calculated
from the BIA showed an increase in lean mass
among both groups of students, but the body fat
mass values only showed an increase in the control
school (Table 5). The absence of a body fat mass
increase in the children enrolled in the intervention
school reinforced the positive effect of the
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intervention. These results, in conjunction with the
significant decrease in the BMI, changes in body
proportion and height increase, validate the benefits
of the new dietary habits.

Considering the relatively short duration and
reduced number of schools (2) of the experiment,
these results indicate that new clinical trials should
be continuously developed. These studies will enable
researchers to develop and perfect a more effective
intervention method to prevent childhood excess
weight gain and obesity. Such studies will also
enable researchers to test the efficiency of brief
interventions in primary care and school meal
preparation with the goal of establishing healthy
meal habits. It is important to emphasize that for
children and adolescents to change their lifestyles
through nutritional education in conjunction with
physical education, one must intervene at an early
age and in a continuous manner. Without adopting
new dietary measures and lifestyle changes in both
children and their families, the chances of
successfully decreasing the morbidity from excess

weight gain and obesity at the beginning of
adulthood will certainly be compromised.

The results obtained in the present work
initiated the Food Consciousness Program
[Programa Consciência Alimentar], which was
applied to the Municipal School Network of the State
of São Paulo [Rede Municipal Escolar do Estado de
São Paulo]45,46.
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