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ABSTRACT

School-based obesity prevention programs show positive
effects on obesity and lifestyle parameters. However, the
most efficient way to implement them is unknown. In Mexi-
o, available studies present methodological limitations. The
aim of this study is to evaluate the feasibility and effective-
ness of a school-based obesity prevention program 1) imple-
mented by advanced undergraduate nutrition and physical
activity students, and 2) the same program implemented by
schoolteachers and advanced undergraduate physical activi-
ty students, each compared to a control group of Mexican
children. This study is a cluster randomized controlled trial.
Children from several schools in Hermosillo, Sonora, Mexico
will be invited to participate. The schools will be randomly as-
signed to one option: 1) the Planet Nutrition Program (PNP)
delivered by advanced undergraduate nutrition and physical
activity students, 2) PNP by schoolteachers, or 3) a control
group. The intervention will consist of nutritional education
and physical activity sessions for children and nutrition infor-
mation for parents. The BMI Z-score, body fat, and lifestyle
parameters will be evaluated at baseline and at 6 months.
If successful, we expect that the program turns out a model
for obesity prevention in this age group, with a potential for
dissemination in Mexican schools.
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RESUMEN

Los programas escolares de prevencion de obesidad mues-
tran efectos positivos sobre pardmetros de obesidad y estilo
de vida. Sin embargo, se desconoce cual es la forma mas efec-
tiva de implementacién y en México los estudios disponibles
muestran limitaciones metodoldgicas. El objetivo del estudio
es evaluar la factibilidad y efectividad de un programa escolar
de prevenciéon de obesidad 1) implementado por estudiantes
avanzados de nutricién y actividad fisica y 2) implementado
por maestros escolares y estudiantes avanzados de actividad
fisica, ambos en comparacion a un grupo control de nifos
mexicanos. El presente es un ensayo controlado aleatorio por
conglomerados. Se invitard a participar a escolares de distin-
tas primarias publicas de Hermosillo, Sonora. Las escuelas se
asignaran aleatoriamente a: 1) Programa Planeta Nutricion
(PPN) brindado por estudiantes avanzados, 2) PPN por maes-
tros escolares y 3) grupo control. La intervencién consistira
en sesiones de nutricién y actividad fisica para escolares e
informacion de nutricion para padres. Se medira el puntaje Z
de IMC, grasa corporal y variables de estilo de vida al inicio y
alos 6 meses. Se espera que el presente programa pueda ser
un modelo de prevencién de obesidad con un alto potencial
de diseminacién en las escuelas de México.

Palabras clave: Escuelas, Prevencion, Obesidad infantil, Esti-
lo de vida, Ensayo controlado aleatorio
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INTRODUCTION

Childhood obesity is a global public health problem. About
158 million children and adolescents are affected by obesity
worldwide (World Health Organization, 2018). This public
health burden continues to increase, mainly in low- and
middle-income countries (NCD Risk Factor Collaboration,
2017), such as Mexico, where 1.9 million school-age children
and 3.3 million adolescents have obesity (Shamah-Levy et
al., 2020) and it is estimated that by 2030, Mexico will be the
seventh country ranked with the highest childhood obesity
burden all over the world for the total number of children
with obesity (Obesity Evidence Hub, 2021).

One of the strategies to mitigate childhood obesity is
the implementation of school-based obesity prevention
programs (World Health Organization, 2012). Different
studies have been conducted to evaluate the effect of obe-
sity prevention programs. A systematic review estimated
the effect of different interventions which included physical
activity and/or nutrition components. They found that, in
schoolchildren, this type of program significantly reduced
BMI in the intervention group compared to control (-0.05 kg/
m?, 95 % CI -0.10, -0.01), however, most of such studies were
carried out in high-income countries (Brown et al., 2019).In a
systematic review that include 29 Mexican programs aimed
at preventing obesity in children or adolescents, only 3 of
them were found to included both a nutrition and physical
activity component, and only 9 of 16 studies that evaluated
BMI as an outcome showed a significant effect of the inter-
vention. Additionally, most of the studies were rated as low
methodological quality i.e. (non-randomized controlled trial,
lack of blinding, no intention to treat analysis for the data, no
reporting of conflict of interest and funding) (Aceves et al.,
2021). Such shortcomings suggest the need to pursue more
robust scientific evidence.

Previously, our research group developed a school-ba-
sed obesity prevention program called “Planet Nutrition” The
feasibility and effect of the program were evaluated through
two pilot randomized controlled trials with schoolchildren
from Hermosillo, Sonora; in face-to-face and online formats
(Ramirez-Rivera et al., 2021b; Ramirez-Rivera et al., 2021a).
The face-to-face program lasted 9 weeks and identified favo-
rable trends in BMI Z-score changes at 9 weeks (-0.11, 95% Cl,
-0.23,0.01) compared to a control group. Additionally, signifi-
cant differences were observed in waist circumference, body
fat, physical activity, and nutrition knowledge. The study also
showed that after the summer holidays (23-week follow-up)
both groups increased their BMI Z-score (Ramirez-Rivera et
al., 2021b). This is consistent with evidence wich suggest that
summer holidays periods result in weight gain in children
(Diaz-Zavala et al., 2017; Franckle et al., 2014). The online
version of the program that continued for 4 months during
the COVID-19 pandemic did not show a significant effect or
trend in BMI Z-score, but both fruit consumption and quality
of life improved significantly compared to the control group.

The implementers of any health program are crucial to
warrant success because they can impact the delivery and

effect of the programs (Fernandez et al., 2019). For instance,
it has been observed that nutrition education programs
delivered by trained schoolteachers or external healthcare
personnel show the greatest effect (Murimi et al., 2018). The
participation of advanced students in nutrition and physical
activity in undergraduate programs could enhance such
effect. In most of Mexican Universities, students must parti-
cipate in a social service program targeting the community
(Diario Oficial de la Federacién, 1981). Therefore, in Mexico
such students could offer obesity prevention programs at a
low cost.

Although, there is evidence of the importance of the
qualifications and training of implementers, to our knowled-
ge, the effect of school-based obesity prevention programs
delivered by different implementers has not been evaluated.
Furthermore, in middle-income countries, including Mexico,
there is a lack of studies of school-based obesity prevention
programs with adequate methodological quality (Aceves et
al, 2021; Singhal et al., 2021).

Thus, the aim of the study is to evaluate the feasibility
and effectiveness of a school-based obesity prevention pro-
gram in Mexican schoolchildren implemented by 1) advan-
ced undergraduate nutrition and physical activity students
or 2) schoolteachers and advanced undergraduate physical
activity students. The study will be conducted in two phases,
the first will be a 6-month pilot study and the second a defi-
nitive study of 6 months with a follow-up at 12 months. The
present protocol is mainly focused on the methods for the
pilot study (phase 1). The complete process for the definitive
study (phase 2), will be based on the pilot study results.

OBJECTIVES

Primary objective

To evaluate indicators of feasibility (retention, adherence,
fidelity and acceptability) of a school-based obesity preven-
tion program implemented by advanced undergraduate
nutrition and physical activity students, or implemented by
schoolteachers and advanced undergraduate physical activi-
ty students at 6 months.

Secondary objectives

To evaluate the effect of a school-based obesity prevention
program on health indicators i.e., body size (BMI Z-score),
body fat, waist circumference, relative fat mass, physical
activity, sedentary behaviors, food consumption, nutrition
knowledge, and quality of life at 6 months, and the BMI Z-
score and body fat after the summer holidays (at 8 months).
The following comparisons will be made:

1. Intervention implemented by advanced under-
graduate nutrition and physical activity students
compared to a control group.

2. Intervention implemented by schoolteachers and
advanced undergraduate physical activity students
compared to a control group.

3. Intervention implemented by advanced under-
graduate nutrition and physical activity students
compared to schoolteachers and advanced physical
activity students.
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MATERIAL AND METHODS

Trial design

This study is a cluster randomized controlled trial of three
parallel groups with a 1:1:1 allocation ratio. To develop this
protocol, the SPIRIT 2013 guide was followed (Figure 1) (Chan
et al., 2013). The study was approved by the Research Ethics
Committee of the Nursing Department from the Universidad
de Sonora (EPD-007-2022) and registered in Clinical Trials:
NCT05461703.

Study setting

Schoolchildren (ages 9 to 11y, boys and girls) from different
public elementary schools in Hermosillo, Sonora, Mexico will
be invited to participate in the pilot study. The schools will be
selected by convenience by blinded authorities (not involved
in study recruitment or intervention) from the Ministry of
Education and Culture of Sonora [Secretaria de Educacion y
Cultura (SEC) del Estado de Sonoral. The inclusion and exclu-
sion criteria of schools will be evaluated and those that meet

STUDY PERIOD
Enrolment Allocation Post-allocation mor6|ths mo:ths
TIMEPOINT** -t, 0 t, t, t, t, t, t, t,
ENROLMENT
Eligibility Screen X
Informed consent X
Allocation X
INTERVENTIONS
“Planet Nutrition” program _ _
Control group X
ASSESSMENTS
BMI Z-score (weight and height) X X X
Waist circumference X X
Body fat X X X
Relative fat mass X X
Physical activity and sedentary behavior X X
Food frequency consumption X X
Quality of life X X
Nutrition knowledge
Feasibility (retention, adherence, X

acceptability, and Fidelity)

Figure 1. Enrolment, interventions, and assessments of the study.
Figura 1. Reclutamiento, intervenciones y evaluaciones del estudio.
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the inclusion criteria will be randomized to one of the three
groups.

Eligibility criteria

To be eligible for this study an informed consent and assent
form must be signed by the parents and children respecti-
vely, and anthropometric measurements and lifestyle ques-
tionnaires must be completed.

Schools

Inclusion criteria: school principals and 4th-grade teachers
willing to participate, availability of space for physical activity
classes, and 4" grade groups with a minimum of 20 students.
Exclusion criteria: participating in a similar study.

Schoolchildren
Inclusion criteria: to be a 4th grade student (9 to 11 years).
Exclusion criteria: A personal condition that prevents con-
ducting physical activity or a condition that parents consider
should exclude their child from participating.
Elimination criteria: Withdrawal of consent or assent. Develo-
pment of a medical condition that prevents continuation of
study activities.

While only children with informed consent will partici-
pate in the baseline and follow-up measurements, all chil-
dren in the class will participate in the intervention activities.

Implementers

Inclusion criteria: Receiving 80 % of the program training.
Respond satisfactorily to a questionnaire that assesses their
knowledge of the program.

Study Intervention Components

School-based obesity prevention program: The intervention
will be the same in the two different intervention groups:
a program implemented by nutrition and physical activity
advanced undergraduate students and program implemen-
ted by schoolteachers, both based on the “Planet Nutrition”
Program (PNP), which was previously designed. This program
has manuals specially designed for children; it include diffe-
rent nutrition topics (Table 1) and applies some behavior
change strategies. The components of the program are the
following:

Nutrition education sessions: They will consist of 1 face-
to-face group session of 1 h per week in the school classroom
during the regular school class schedule. The PNP manual
will be used to present the different topics, workshops, ga-
mes, and dynamics to reinforce learning. The program will be
focused on establishing health-related goals, such as incre-
asing the consumption of fruits and vegetables, increasing
physical activity time, decreasing hours spent in front of a
screen, and reducing the consumption of sweetened bevera-
ges. The program will also include the use of self-monitoring
and positive reinforcement.

Physical activity sessions: Three 1-hour classes per week
will be implemented by physical activity undergraduate stu-
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Table 1. Sessions and topics of the “Planet Nutrition” program
Tabla 1. Sesiones y temas del programa “Planeta Nutricién”

Sessions Topics

1 Creating healthy habits

2 What is excess weight?

3 Is it really bad to eat ultra-processed food?
4 The bitter truth of sweetened beverages

5 The importance of physical activity

6 Sedentary behaviors

7 Food Guidelines: My plate

8 Analyzing my healthy lunch

9 Jar for healthy drinking

10 Sweetened beverages vs. healthy lunch

11 Reading food labels

12 Importance of healthy nutrition

13 Ultra-processed food

14 Sustainable lifestyle

15 Traditional Mexican diet

16 Healthy lunch

17 Identifying good and bad fats

18 What is important to know about sodium?
19 Smoking

20 Learning about Cancer

21 Importance of consuming fruits and vegetables
22 Vitamins and minerals

23 Why is fiber consumption important

24 Gut microbiota

25 Jeopardy: Let’s put the learning into practice
26 How to prepare a salad

27 Preparing healthy desserts

28 How to be active during summer holidays
29 Healthy nutrition in summer holidays

30 Sleep and growth

31 Planet Nutrition Challenge

dents at the school during the regular school class schedule,
independent of the school’s curricular physical activity clas-
ses. A physical activity manual designed by the study team
will be used.

Parents’ participation: Parents will receive weekly nu-
trition and health information through WhatsApp or email,
depending on parent’s preference. The topics for which
information is sent will be similar to what the children see
in the nutrition sessions, and are designed to reinforce the
children’s learning. In addition, recommendations for healthy
eating at home will be provided. The implementers (ad-
vanced nutrition students or schoolteachers) will send the
information.

Control group: Schoolchildren will continue with their
normal school nutrition and physical activity classes. At the
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end of the study, they will have access to the program mate-
rials through a web page.

Implementers

PNP implemented by students: The program will be delivered
by a team of advanced Nutrition undergraduate students of
Universidad de Sonora, and advanced undergraduate stu-
dents of the Sports Training degree from Universidad Estatal
de Sonora. We define advanced students (or interns) as those
who are studying the last 3 semesters of the degree or who
offer a service but do not have their professional title yet.

PNP implemented by schoolteachers: The program will be
delivered by the 4" grade teachers of the eligible schools and
the same physical activity advanced undergraduate students
of the student implemented group.

Both groups of implementers will receive previous
training from a registered nutritionist and a physical activity
teacher with experience in this program. The nutrition trai-
ning will be delivered in 3 d of 1 h each, separately for each
group of implementers. The nutrition advanced students will
have the training at the university and the schoolteachers at
the school (individually for each teacher) in their free time.
The main purpose of the tutoring will be to provide the ob-
jectives and activities of the program, to explain the topics of
nutrition and health and to review the schedule of the study.

The Physical activity students will have their training for
1 month in their University. In this training, they will plan the
classes and to study general concepts.

Sample size

Fifteen public schools (350 to 400 students) from Hermosi-
llo, Sonora, Mexico will be invited to participate in the pilot
study. The sample size was determined based on the feasibi-
lity of providing the program, and finding possible positive
effects on the variables of interest (BMI Z-score and body
fat). The calculation of the sample size is not essential in a
pilot study, its main objective is to explore the feasibility of
the intervention to later perform the sample calculation for a
future definitive trial (Eldridge et al., 2016).

Recruitment

The nutrition team of the study will visit the schools to pro-
vide the information and the informed consent and assent
forms. One 4th grade group of the participating schools will
be randomly chosen. In general, public schools in Mexico
have 3 groups of each grade; but for this phase, it is intended
to work with one group per school due to the sample size.

Allocation of groups

The schools that meet the inclusion/exclusion criteria will be
randomized to one of the three groups: 1) PNP implemen-
ted by advanced undergraduate students in nutrition and
physical activity, 2) PNP by schoolteachers and advanced
undergraduate students in physical activity, and 3) control
group. A person independent of the recruitment and the in-
tervention will perform the random allocation of the schools,

stratified by the census-tract level of socioeconomic status
(SES) where the school is placed; the SES will be based on
the social marginalization index (CONAPO, 2020), this at a
single point in time - thus ensuring allocation concealment.
The random number sequence will be generated using the
software “Research Randomizer” https://randomizer.org/
(Urbaniak and Plous et al., 2013).

Data collection

Measurements will be made at baseline and at 6 months by
a team of advanced nutrition students that are independent
of recruitment and intervention, over a 4-week period at
each time point in the schools. The BMI Z-score and body fat
will also be measured after the summer holidays (8 months
from baseline). The questionnaires on physical activity and
sedentary behaviors, diet, and quality of life will be answered
by parents through Google Forms online questionnaires.
Children will answer the questionnaires on quality of life and
nutrition knowledge at school under the supervision of the
measurement team.

Primary outcome

Feasibility

Feasibility will be evaluated at the end of the study (6 months)
and consists of the evaluation of participant retention, adhe-
rence, fidelity, and program acceptability:

Retention: number of schools and participants that
complete the final measurements. A retention of participants
and schools > 80 % at 6 months will be considered excellent,
50 - 80 % moderate and < 50 % low.

Adherence: An attendance list will be taken in the nutri-
tion and physical activity classes. At the end of the study, the
parents of children in intervention group will also be asked
about the number of sent materials that they readthrough
an online questionnaire. Attendance at program activities
> 80 % at 6 months will be considered excellent, 50 - 80 %
moderate and <50 % low attendance.

Fidelity: Fidelity will be evaluated through a monitoring
list. The implementers must mark the session provided, date,
and duration. There will be a monthly visit to the school by
the nutritionist of the team to verify how the program is
being provided in accordance with the established protocol.
An adequate fidelity will be considered when > 60 % of the
program is provided, moderate from 40 - 60% and low <40 %.

Acceptability: a questionnaire will be applied to chil-
dren, parents, and implementers to qualify the program
and materials in a scale from 0 to 10. In addition, they will
be interviewed about the perceived obtained benefits or ba-
rriers. Good acceptance will be considered from 10 - 8 points,
moderate acceptance from 8 - 5 points, and poor acceptance
< 5 points.

Secondary outcomes

BMI Z-score: Calculated using the weight, height, sex, and
date of birth of the children, using the “Anthro Plus” v.1.0.4
software, which uses the WHO reference tables (World Health
Organization, 2007).

Y
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Body fat: Body composition will be obtained using
electrical bioimpedance RJL Quantum Il (Clinton Township,
Michigan) following the methodology recommended by the
manufacturer (RJL Systems, Inc. 2013). With the data obtai-
ned (resistance and reactance values in ohms), an equation
designed to estimate fat-free mass in Mexican children will
be used (Ramirez et al., 2012). The fat mass will be obtained
by difference; by subtracting the kilograms of fat-free mass
from the total kilograms of the subject and its percentage
will be calculated later.

Waist circumference: The measurement will be taken at
the umbilical scar level, with the participant standing, using
a metallic anthropometric tape (Lufkin Executive Thineline
W606PMM). Participants will be asked to indicate their um-
bilical scar location and to inhale and exhale (Marfell et al.,
2006).

Relative fat mass: Estimated using a formula validated
in American children aged 8 to 14 years. Data of waist cir-
cumference (cm), height (cm), and sex will be included in the
formula to obtain the value (Woolcott et al., 2019).

Food consumption: Some questions from the semi-quan-
titative food frequency questionnaire (FFQ) from the National
Health and Nutrition Survey (ENSANUT) will be used. We will
ask about the frequency of consumption of ultra-processed
foods (sweet beverages, fried foods, cakes, and cookies) and
healthy foods (fruits, vegetables, and water) in the previous 7
days. For each food, the size of the portion consumed will be
asked, considering an average portion established in the FFQ
(Shamah-Levy et al., 2020).

Physical activity and sedentary behavior: The questions
on physical activity and a sedentary lifestyle will be used
from “The Health Behavior in School-Age Children” (HBSC)
questionnaire. The questionnaire includes the days and time
(intensity, duration, and frequency) dedicated to physical
activity in the last 7 days. In addition, the questionnaire inclu-
des a section of time dedicated to sedentary activities during
the week and on the weekend (Currie etal., 2014).

Quality of life: The PedsQL™ questionnaire (Pediatric
Quality of Life Inventory) will be used. This generic health
status instrument assesses the frequency of problems expe-
rienced in the past month in the following aspects: physical,
emotional, social, and school functioning. Responses are on
a 5-point Likert scale (never = 0 to always = 4). The score for
each item is inverted and converted to a linear scale from 0
to 100, with a higher score indicating a better quality of life
(Varni etal., 2001).

Nutrition knowledge: A questionnaire designed by the
study team will be used to assess knowledge on nutrition
issues. It consists of 32 questions about nutrition and health.
Knowledge will be evaluated on a scale from 0 to 10, with the
more correct answers, the higher the score.

Statistical Analysis

The difference in baseline characteristics between groups
will be analyzed using an ANOVA analysis for the quantita-
tive variables with Fisher LSD tests for post-hoc analyses
and a chi-square test for the categorical outcomes. If there

are significant differences between groups at baseline, an
adjustment will be made in the follow-up analysis; otherwise,
adjustment for additional relevant covariates will be consi-
dered based on previous works to account for the possibility
of residual confounding. To evaluate the differences between
groups in feasibility and the change of the BMI Z-score, body
fat, and secondary variables at the beginning and at the end
of the intervention, a mixed effects lineal model will be used
to evaluate the effect between groups and within groups
considering individual changes amongst subjects as a ran-
dom intercept in the model. All analyses will be performed
by intention-to-treat (ITT). If follow-up data is not obtained
for any reason or subjects were excluded due to a protocol
violation, only their baseline measurement will be conside-
red within the model and a sensitivity analysis will be con-
ducted to assess the impact of their removal into the model
estimates. The R studio software will be used to perform the
analysis (Allaire, 2011).

Data management

Data obtained through physical documents will be transfe-
rred to a digital database. Two people from the study team
will be in charge of entering the data through double veri-
fication to avoid errors. Physical documents will be kept at
Universidad de Sonora. Only the study team will have access
to the physical and digital documents for study purposes.The
database will not obtain identifiable data (complete names,
telephone numbers, etc.), only codes will be used.

Data Monitoring

This study does not have an external monitoring committee.
The progress of the work will be presented to the group of re-
searchers participating in the study. Likewise, once the final
evaluations of the program are completed, the results will be
presented to the Research Ethics Committee of the Nursing
Department of the Universidad de Sonora, the Ministry of
Education and Culture of Sonora [Secretaria de Educacién
y Cultura (SEC) and to directors and schoolteachers. It is in-
tended to publish the results of the study in a peer-reviewed
journal.

Risks

None of the measurements or activities in the study have
a negative effect on the participant’s health, neither in the
short nor in the long term. The physical activity sessions are
designed for children, with a moderate intensity level, which
minimizes any risk of injury.

DISCUSSION

Strengths

One of the advantages of the present study is the cluster
randomized controlled trial design. This design minimizes
the risk of contamination between the groups of the study
by having different schools. Second, a pilot study will be con-
ducted to test feasibility before conducting a larger study.
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Finally, the study team has previous experience in the Planet
Nutrition program.

Limitations

Due to the nature of the study, the intervention will not be
blinded. Moreover, the lifestyle variables will be self-reported
and not evaluated through objective measurements, which
increases the risk of bias.

CONCLUSION

If successful, we expect that the program could be a model
for obesity prevention with a high potential for dissemina-
tion in Mexican schools.

ACKNOWLEDGMENTS

We thank the Nutrition Health Promotion Center from Uni-
versidad de Sonora for the financial support for the pilot
study. Also, we thank the Ministry of Education and Culture
of Sonora for giving permission and facilitating access to the
schools.

CONFLICTS OF INTEREST

The authors report having no potential conflicts of interest.

REFERENCES

Aceves-Martins, M., Lépez-Cruz, L., Garcia-Botello, M., Gutiérrez-
Gomez, Y.Y. and Moreno-Garcia, C.F. 2021. Interventions
to Prevent Obesity in Mexican Children and Adolescents:
Systematic  Review. Prevention Science. 563-586.
doi:10.1007/5s11121-021-01316-6.

Allaire J. 2011. R Studio.

Brown, T., Moore, T., Hooper, L., Gao, Y., Zayegh, A., Elwenspoek,
M., Foxen, S.C., Magee, L, O'Malley, C., Waters, E. and
Summerbell, C.D. 2019. Interventions for preventing obesity
in children (Review). Cochrane Database of Systematic
Reviews. doi:10.1002/14651858.CD001871.pub4.www.
cochranelibrary.com.

Chan, AW, Tetzlaff, J.M., Gatzsche, P.C., Altman, D.G., Mann,
H., Berlin, J.A., Dickersin, K., Hrébartsson, A., Schulz, K.F,
Parulekar, W.R., Krleza-Jeric, K., Laupacis, A. and Moher, D.
2013. SPIRIT 2013 explanation and elaboration: guidance
for protocols of clinical trials. BMJ (Clinical research ed.). 346,
1-42. d0i:10.1136/bmj.e7586.

Consejo Nacional de Poblacién (CONAPQ), 2020. indices de
Marginaciéon 2020. Gobierno de México. [Consultado 28
Febrero 2023]. Disponible https://www.gob.mx/conapo/
documentos/indices-de-marginacion-2020-284372

Currie, C,, Inchley, J.,, Molcho, M., Lenzi, M., Veselska, Z. and Wild,
F. 2014. Health Behaviour in School-aged Children (HBSC)
study protocol: background, methodology and mandatory
items for the 2013/14 survey. http://www.hbsc.org.

Diario Oficial de la Federacién (30/03/1981). Reglamento
para la prestacién del servicio social de los estudiantes de
las instituciones de educacion superior en la Republica
Mexicana. Recuperado de: http://dof.gob.mx/nota_detalle.
php?codigo=4634627&fecha=30/03/1981

Diaz-Zavala, R.G. Castro-Cantli, M.F, Valencia, M.E., Alvarez-
Herndndez, G., Haby, M.M. and Esparza-Romero, J. 2017.
Effect of the holiday season on weight gain: A narrative
review. Journal of Obesity. 2017.d0i:10.1155/2017/2085136.

Eldridge, S.M., Lancaster, G.A,, Campbell, M.J., Thabane, L.,
Hopewell, S., Coleman, C.L. and Bond, C.M. 2016. Defining
feasibility and pilot studies in preparation for randomized
controlled trials: Development of a conceptual framework.
PLoS ONE. 11 (3), 1-22. d0i:10.1371/journal.pone.0150205.

Fernandez, M.E., Ruiter, R.A.C., Markham, C.M. and Kok, G.
2019. Intervention mapping: Theory-and evidence-based
health promotion program planning: Perspective and
examples. Frontiers in Public Health. 7 (AUG). doi:10.3389/
fpubh.2019.00209.

Franckle, R., Adler, R. and Davison, K. 2014. Accelerated Weight
Gain Among Children During Summer Versus School Year
and Related Racial / Ethnic Disparities: A Systematic Review
Data sources. Preventing Chronic Disease. 11 (12), 1-10.

Marfell-Jones, M., Olds, T, Stewart, A. and Carter, L. 2006.
International Standards for Anthropometric Assessment.
ISAK, Editor. Potchefstroom, South Africa.

Murimi, M.W., Moyeda-Carabaza, A.F,, Nguyen, B., Saha, S., Amin,
R. and Njike, V. 2018. Factors that contribute to effective
nutrition education interventions in children: A systematic
review. Nutrition Reviews. 76 (8), 553-580. doi:10.1093/
nutrit/nuy020.

NCD Risk Factor Collaboration. 2017. Articles Worldwide
trends in body-mass index, underweight, overweight,
and obesity from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128 9 million
children, adolescents, and adults. Lancet. 390, 2627-2642.
doi:10.1016/50140-6736(17)32129-3.

Obesity Evidence Hub. 2021. Obesity trends in children globally.
2021. https://www.obesityevidencehub.org.au/collections/
trends/children-global-context [Accessed: 20 November
2021].

El Pais. 2021. Universidades que imparten Deportes. https://
elpais.com/especiales/2015/carreras-mexico/carrera/
universidad/deportes.html.

Ramirez-Rivera, D.L, Martinez-Contreras, T., Henry-Mejia, G.,
Ruelas, A.L, et al. 2021a. Efecto de una intervenciéon en
linea de cambio en el estilo de vida sobre el puntaje zIMC
de escolares mexicanos: protocolo de ensayo controlado
aleatorizado piloto cegado a evaluadores durante la
pandemia por COVID-19. Revista Espafiola de Nutricion
Humana y Dietética. 25 (2). doi:10.14306/renhyd.25.52.1320

Ramirez-Rivera, D.L., Villegas-Valle, R.C., Martinez-Contreras,
T, et al. 2021b. Preliminary results of the planet nutrition
program on obesity parameters in Mexican schoolchildren:
Pilot single-school randomized controlled trial. International
Journal of Environmental Research and Public Health. 18 (2),
1-15. d0i:10.3390/ijerph 18020790

Ramirez, E. Valencia, M.E., Bourges, H., Espinosa, T., Moya-
Camarena, S.Y., Salazar, G. and Aleman, H. 2012. Body
composition prediction equations based on deuterium
oxide dilution method in Mexican children: a national study.
European Journal of Clinical Nutrition. (February), 1099-
1103. doi:10.1038/ejcn.2012.89.

)
Volume XXV, Issue 3 ~;’{ /
77"=



Ramirez-Rivera et al: Biotecnia / XXV (3): 71-78 (2023)

RJL Systems Inc. 2013. 33939 Harper Ave, Clinton Township, Ml
48035. https://www.rjlsystems.com/products/quantum-
ii/#section=description

Schaap, R., Bessems, K., Otten, R., Kremers, S. and van Nassau,
F. 2018. Measuring implementation fidelity of school-based
obesity prevention programmes: A systematic review.
International Journal of Behavioral Nutrition and Physical
Activity. 15 (1), 1-14. doi:10.1186/512966-018-0709-x.

Shamah-Levy, T., Cuevas-Nasu, L., Rivera-Dommarco, J. and
Hernandez-Avila, M. 2016. Encuesta Nacional de Salud y
Nutricion de Medio Camino 2016. (ENSANUT MC 2016).
gob.mx/salud/documentos/encuesta-nacional-de-salud-y-
nutricion-de-medio-camino-2016.

Shamah-Levy, T, Vielma-Orozco, E., Heredia-Hernandez, O,
Romero-Martinez, M., Mojica-Cuevas, J.,, Cuevas-Nasu,
L, Santaella-Castell, J.A. and Rivera-Dommarco, J.A.
2020. Encuesta Nacional de Salud y Nutricion 2018-19
Resultados nacionales. https://ensanut.insp.mx/encuestas/
ensanut2018/doctos/informes/ensanut_2018_informe_
final.pdf.

Singhal, J., Herd, C., Adab, P. and Pallan, M. 2021. Effectiveness
of school-based interventions to prevent obesity among
children aged 4 to 12 years old in middle-income countries:
A systematic review and meta-analysis. Obesity Reviews. 22
(1), 1-39.doi:10.1111/0br.13105.

L
§;‘9~ Volume XXV, Issue 3
J'78

Universidad de Guadalajara. 2021. Pedira AMFEN regular
apertura de escuelas de Nutricién en México. 2021. http://
www.cualtos.udg.mx/noticia/pedira-amfen-regular-
apertura-de-escuelas-de-nutricion-en-mexico.

Urbaniak, G.C. and Plous, S. 2013. Research Randomizer (Version
4.0). http://www.randomizer.org/

Varni, JW., Seid, M. and Kurtin, PS. 2001. PedsQLTM 4.0:
reliability and validity of the Pediatric Quality of Life
InventoryTM Version 4.0 generic core scales in healthy
and patient populations. Medical Care. 39 (8), 800-812.
doi:10.1097/00005650-200108000-00006.

World  Health  Organization. 2012.  Population-based
approaches to childhood obesity prevention. https://
www.who.int/dietphysicalactivity/childhood/WHO_new_
childhoodobesity_ PREVENTION_27nov_HR_PRINT_OK.pdf.

Woolcott, O.0. and Bergman, R.N. 2019. Relative fat mass as an
estimator of whole-body fat percentage among children
and adolescents: a cross-sectional study using NHANES.
Scientific Reports. 9 (1), 1-14. doi:10.1038/541598-019-
51701-z.

World Health Organization (WHO). 2007. Growth reference 5-19
years. https://www.who.int/growthref/en/ [Accessed: 1
October 2019].

World Health Organization (WHO). 2018. Obesity and
Overweight.  2018.  https://www.who.int/news-room/
fact-sheets/detail/obesity-and-overweight [Accessed: 10
October 2019].





