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Abstract: Interventions in children with adiposity decrease less than 0.2 the body mass index (BMI)
z-score less than 0.2 and only in 21–23% of cases. Experts recommend focusing on the habits of
a healthy lifestyle (HLS) but considering the sociocultural context of children and their parents.
Our objective was to achieve a higher percentage of success in lowering the BMI z-score in children
with adiposity and their parents through a pilot program “Sacbe” based on HLS, sensitive to the
sociocultural context previously explored and with the active participation of parents. This is a
pilot study in children aged 8 to 18 years with adiposity according to the BMI z-score. The program
consisted of two workshops on HLS and nutrition given by the pediatric endocrinologist in group
sessions with 3–5 families and reinforcements in each visit by registered dietitians. We recorded
lifestyle habits and anthropometric characteristics of children and their parents at the baseline visit and
every month for 3–4 months. Forty-nine families, 55 children and 64 parents participated, 60% of the
children were female, the average age was 13.95 ± 3.3 years, 72.7% and 86.7% lowered the z score of
the BMI due to intention to treat and protocol analysis (p < 0.001), respectively; BMI z-score decreased
by 0.22 ± 0.21, from 2.13 ± 0.57 to 1.91 ± 0.58 (p < 0.001). In total, 83% of the parents involved were
mothers, the average age was 45.8 ± 9.4 years, 77% lost weight and body fat (p < 0.001), the frequency
of unhealthy habits decreased. The results of “Sacbe” exceeded expectations by combining the active
participation of parents, sessions in groups, and the education on various components of an HLS
inside sociocultural context. The main challenge will be to standardize and reproduce this type of
complex interventions, as well as to assure long-term success.

Keywords: adiposity; obesity; overweight; comprehensive interventions; BMI z-score; healthy lifestyle;
sociocultural context

1. Introduction

The prevalence of overweight (Ow) and obesity (Ob) has increased in the last two decades in the
USA and the world [1]; Ob is present in 15% and Ow in 16.5% [2,3] of children from 6–19 years old.
The prevalence is higher in Latin and African American vs. Caucasian children [4]. In Mexico, 35% of
adolescents and children are Ow or Ob [5].

In a metaanalysis [6] that included 64 controlled studies (5230 adolescents), with 12 focused
on lifestyle, 6 on diet and 36 on behavior, there was a reduction of weight in 6–12 months with or
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without medications (orlistat or sibutramine) and reported only 21% of success in decreasing BMI.
Germann JN et al. [7] reported that out of 55% of adolescents that finished their participation for
23 months, only 23% of them decreased BMI significantly. Several authors concluded that interventions
in lifestyle and behavior decrease weight significantly, but it is necessary to consider sociocultural
features, improving relations between physicians and families and to calculate cost-effectivity [8–11].
Educative interventions may change behavior only if we consider the psychosocial context, if barriers
to change are resolved and if the methods are effective [12]; also Physicians, Nurses, Registered
Dietitians (RD), Psychologists and Exercise Physiologists need to work as a real team to improve
outcomes [13]. In addition to family participation [14–16], group sessions have shown efficacy to
decrease weight [17].

Interventions should consider the poor understanding of Ow/Ob consequences, associated
comorbidities and individual, family and social barriers [18,19], in fact, there is evidence that when
people feel the imposition of change without freedom to decide, they do quite the opposite. For this
reason, it is important that children and their parents understand why they need to make changes
to improve their weight through education [20]. People with diabetes risk factors want to obtain all
the information from their physicians in a very simple and clear way with visual material to improve
their understanding [21]. Some interventions have used the cognitive-behavioral model [22–24] with
modest results, but it is important to complement it with the precede-proceed, the sociocultural [25]
and the ecological [26] models.

The Diabetes Prevention Program (DPP) [27] and TODAY [28] (Treatment Options for type 2
Diabetes in Adolescents and Youth) studies used an educative program about a healthy lifestyle to
prevent diabetes in adults and treat type 2 diabetes in adolescents, respectively. Therefore, we designed
a clinical and nutritional education program (CNEP) that we decided to name “Sacbe” (Mayan word
that means “the white way”) because Mayan culture represents a common historical root among
some Latino people and initially, this program was made in order to offer an alternative to Latino
children in Boston even without type 2 diabetes. It is a comprehensive program about a healthy
lifestyle based on DPP and TODAY studies complemented with other important habits related to
Ow/Ob and considered the sociocultural context of participants [29]. Our aim was to investigate if we
achieve greater success by combining different strategies and considering the sociocultural context in a
comprehensive program in order to improve habits and decrease BMI in children with adiposity and
their parents.

2. Materials and Methods

2.1. Study Design

This is a pilot quasi-experimental study to improve lifestyle habits in order to decrease BMI.
“Sacbe” is a clinical and nutritional education program (CNEP) to learn about the diabesity epidemic
and scientific evidence about a healthy lifestyle in order to decrease BMI inside a sociocultural context
previously analyzed [29]. Inclusion criteria were 8–18 years old, any gender and ≥1 standard deviation
(SD) BMI z-score. Exclusion criteria were having any other chronic diseases (lupus, diabetes, cancer,
cardiac or renal diseases, etc.), and/or taking any medication related to their weight (metformin,
cortisone, etc.) or any limitating physical condition. Elimination criteria were missing two or more
visits or taking any other medication related to weight outcomes. Using sample size to detect a
significant difference between 2 proportions, with a confidence interval of 95% and a power of
80%, considering that the reported success rate to decrease BMI is 23% [7], 15 patients were needed,
however, taking into account the high rates of abandonment to treatment, we increased the sample
size to 55 study participants. Fifty-four percent of participants came from 2 schools, a secondary and a
high school and the rest came from our own Institute in the Pediatrics Department. We tried to have a
control group by randomization but it was not possible because all participants wanted to participate
in the workshops.
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2.2. Data Record

Medical record, lifestyle habits (including physical activity and sedentarism), diet (24-hour food
recall and a frequency of food consumption questionnaire) and anthropometric data (weight, height,
BMI and blood pressure, fat in kg and percentage) were registered. Parents were equally evaluated
(medical record, lifestyle habits, diet and anthropometric variables). Blood pressure (BP) was taken
by the same nurse each visit during a period of 1.5 h approximately 3 times, mean BP was calculated.
The size of the cuff used corresponded with the circumference of the upper arm.

2.2.1. Adiposity Measurements

Each visit, RDs obtained direct height measurements to the nearest 0.1 cm using a stadiometer
(seca, model 242) and body weight to the nearest 0.1 kg using a scale and body composition
analyzer (Biospace, inbody 370/JMW140) for children and/or adolescents and their parents or tutors.
Body composition measurements were obtained with Bioelectrical Impedance Analysis (BIA) with
plantar and hand electrodes: the output data provides the fat-free mass (FFM), fat mass (FM) and
percentage body fat (PBF) in order to monitor progress or change on subsequent visits. BMI for age
z-scores were computed with the use of WHO software AnthroPlus in order to classify youth as
Ow/Ob. BMI z-scores provide an indirect age and gender specific measure of relative adiposity.

2.2.2. Assessment of Meal Patterns and Lifestyle

Meal patterns and lifestyle were evaluated through a questionnaire administered by trained
and standardized interviewers. The interview also included a 24-hour food recall [30,31]. Children
and adolescents self-reported their data with the support of their parents or guardians when needed.
According to the literature [32–38], the unhealthy habits that we considered were: irregular breakfast,
eating very fast (less than 20 min), sleeping less or more than recommended by age group according
to the National Sleep Foundation recommended sleep hours [39], eating out, watching television for
more than 2 h, doing exercise for less than 2.5 h per week, sitting for more than 8 h and eat less than
one serving of vegetables or fruits per day. All the patients received a pedometer and feeding plans
designed by an RD according to their estimated energy needs and healthy habits were reinforced in
the workshops and in each consultation by a Pediatric Endocrinologist and RD. Irregular breakfast
was considered when breakfast is not eaten in the first 2 h upon awakening, which is associated with
increased accumulation of fat. Eating in less than 20 min is associated with a lack of signaling of satiety
to the brain. Eating out is associated with higher caloric intake and poor quality of food. Watching TV
for more than 2 h is associated with adiposity due to the sedentary time and marketing exposition to
improve buying hypercaloric products. Exercise for less than 2.5 h per week was the cut-off point to
consider sedentarism because in adults this time is the minimum necessary to maintain weight. Eating
less than 1 serving of fruit or vegetables a day was considered because our participants did not eat
5 serving of fruit or vegetables per day

2.2.3. Energy Intake

Energy intake was assessed at each clinical visit using face-to-face 24-h dietary recalls completed
by RDs based on the multiple-pass procedure [31], which in a first step recorded an overview of
all foods and beverages consumed during the previous day, then inquired details about amounts
and type of each food and beverage, and lastly reviewed and verified the information and asked
about food and beverages that are often forgotten. Total energy intake (kcal) was estimated using
food composition tables comprising nutrient compositions of Mexican food (Sistema Mexicano de
Alimentos Equivalentes) [40].
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2.3. Intervention Description

In Sacbe, the CNEP was focused on a healthy lifestyle, following recommendations of DPP [27]
and TODAY [28] studies, but additionally, we included the sociocultural and precede-proceed models
proposed by Huang [25] to prevent diabetes as well as group sessions and family active participation.
Sacbe consists of two workshops initially, one of them Medical and the other Nutritional, considering
the sociocultural context previously evaluated [29]. Registered Dietitian (RD) visits were each month
for 3–4 months to support diet knowledge and habits of a healthy lifestyle [41].

The Pediatric Endocrinologist reinforced healthy habits, explained workshops, diagnosis of
nutritional status and risk factors. Visits with the Psychologists were necessary in some cases. These two
workshops were held in groups of 3–5 families and they included the following topics:

A. Medical workshop:

1. Epidemic Ow/Ob and diabetes, consequences and risk factors. People wanted to get a
clear explanation of the problem in order to change [18–21].

2. Clinical evidence of benefits for participants in Prevention Programs focused on healthy
lifestyle including type and quantity of food, exercise, sleep, meal schedule and positive
attitude. People were interested in understanding the impact on their health related to
these variables.

3. Explanation about cutoffs of BMI in parents and children using CDC graphs in order
to show their real weight status. Its importance relies on the lack of awareness about
nutritional status and that Ow/Ob was initially not seen as a chronic disease [29,42].

4. Strategies to improve their lifestyle habits organizing schedules, working as a family and
empowering their individual decisions.

B. Nutritional workshop:

1. Food groups using the Mexican model “Plate of Good Eating” (Plato del Bien Comer [43]).
2. Portion sizes of each food group using replica models.
3. Healthy and unhealthy combinations of food groups.
4. Examples of healthy menus and meal plan explanation.

2.4. Statistical Analysis

Statistical analysis was performed by SPSS version 22. We analyzed the distribution of variables
and then we used parametric and non-parametric tests. In the bivariated analysis, we used Mc Nemar
(dichotomic variables) and paired student´s t test or the Wilcoxon rank-sum test (continuous variables,
according to normal vs. free distribution, respectively).

2.5. Ethical and Biosecurity Considerations

The Research and Ethic Committee of Mexico Children’s Hospital (Hospital Infantil de México
Federico Gómez) and National Institute of Perinatology (Instituto Nacional de Perinatología) accepted
this study. We obtained Informed Consent Letters signed from parents or tutors and children.

3. Results

Forty nine families, 55 children and 64 parents were accepted to participate in the program; they
attended a baseline visit and completed 3 follow up visits, 9 children (16.7%) and 20 adults (31.3%)
dropped out. Sixty percent were female, anthropometric data are reported in Table 1. According to
the BMI z-score classification, in the baseline visit, obesity in children was present in 55.6% and it
decreased to 48.9%; 58.7% of children lost weight, 72.7% and 86.7% lowered their BMI z-scores by
intention to treat and per protocol analysis. The baseline BMI z-score was 2.13 ± 0.57 and in the
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last visit was 1.91 ± 0.58 (p < 0.001). In general, the frequency of unhealthy habits decreased their
frequency, but only some of them were statistically significant (Table 2). Their median baseline caloric
intake was 1557 (IQR 1210-1989) and in the third visit the median was 1501 (IQR 1138-1739) being
statistically significant (p < 0.009).

Table 1. Anthropometric characteristics in children in baseline and 3rd. visits.

Baseline Visit (n = 55)
Median (IQR)
Mean ± SD

Visit 3 (n = 44)
Median (IQR)
Mean ± SD

p

Age (years) 13.5
(11.4, 16.3)

14.2
(11.7, 17.9) <0.001 †

Weight (kg) 63.5
(53.4, 77.0)

61.5
(52.1, 76.9) 0.177 †

BMI z-score (SD) 2.13 ± 0.57 1.91 ± 0.58 <0.001 *

Fat (kg) 26.7
(20.1, 31.4)

24.7
(16.4, 29.6) 0.207 †

Fat (%) 38.8
(34.3, 42.7)

37.3
(30.0, 42.3) 0.007 †

Muscle (kg) 22.7
(18.4, 25.8)

21.1
(17.5, 25.0) 0.518 †

Systolic blood P (mmhg) 106
(98, 116)

106
(100, 119) 0.806 †

Dyastolic blood P (mmhg) 71
(67, 79)

72
(66, 76) 0.916 †

† Wilcoxon, * paired Student´s t-test.

Table 2. Unhealthy habits of children in the baseline and 3rd. visits.

Unhealthy Habits Baseline Visit
N = 55 (%)

Visit 3
N = 44 (%) p

Irregular breakfast 29 (53.7) 12 (27.3) 0.012 ‡
Eating < 20 min 12 (22.2) 6 (13.6) 0.549 ‡

Sleep time </> recommended by age on week 33 (61.1) 27 (61.4) 1.000 ‡
Sleep time </> recommended by age on weekend 22 (40.7) 12 (27.9) 0.210 ‡

Eating out 32 (59.3) 13 (29.5) 0.774 ‡
Watch TV > 2 h/day 38 (69) 17 (38.6) <0.001 ‡
Exercise < 2.5 h/day 27 (49) 18 (40.9) 0.238 ‡

Eating < 1 serving vegetable/fruit/day 42 (76.3) 21 (47.7) <0.001 ‡

‡ McNemar.

Eighty-three percent of parents were female, the mean age was 44.5 ± 9.4 years, mean height
was 156.4 ± 9 cms, 90% presented Ow or Ob, 38 and 52%, respectively, and the global percentage
decreased to 80% (41 and 39%, respectively) in the last visit. Seventy-seven percent lost weight and
fat significantly and 50% lost ≥ 2.5% of their baseline weight (Table 3). Parents also decreased the
frequency of unhealthy habits, but only one of them was statistically significant (Table 4); caloric
intake did not change but the quality of food improved, they consumed 1320 (IQR 1115,1756) and 1445
(IQR 1199, 2389) calories in the baseline and last visits, respectively.
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Table 3. Anthropometric data of parents in baseline and last visits.

Baseline Visit (n = 64)
Median (IQR)
Mean ± SD

Last Visit (n = 50)
Median (IQR)
Mean ± SD

p

Weight (kg) 71.3
(64.4, 86.6)

69.2
(62.7, 78.7) <0.001 †

BMI (kg/m2)
30.1

(27.2, 34.6)
28.8

(26.2, 33.1) <0.001 †

Waist (cm) 95.0
(89.3, 103.0)

90.1
(83.5, 99.0) <0.001†

Fat (kg) 27.7
(23.9, 35.3)

25.9
(21.6, 34.9) 0.009 †

Fat (%) 39.4 ± 7.4 38.0 ± 7.7 0.008 *

Muscle (kg) 24.3
(21.4, 28.0)

23.5
(21.2, 27.2) 0.406 †

† Wilcoxon, * paired student t-test.

Table 4. Unhealthy habits of parents in baseline and last visits.

Unhealthy Habits Baseline Visit
N = 64 (%)

Last Visit
N = 50 (%) p

Irregular breakfast 25 (39) 10 (20) 0.013 ‡
Eating < 20 min 11 (17.0) 7 (14) 1.000 ‡

Sleep < 6 h 10 (47) 8 (16) 1.000 ‡
Sleep ≥ 10 h on weekends 10 (15.6) 4 (8.3) 0.344 ‡

Eating out 33 (51.5) 15 (30) 0.077 ‡
Watch TV > 2 h/day 32 (50.0) 18 (36) 0.424 ‡
Exercise < 2.5 h/day 47 (73.4) 30 (60) 0.648 ‡

Eat < 1 serving fruit/vegetable/day 46 (72) 17 (34) 0.000 ‡

‡ McNemar.

4. Discussion

This comprehensive Clinical and Nutritional Education Program (CNEP) in families, “Sacbe”,
achieved promising results to decrease BMI z-score and improve unhealthy habits in children and
parents. In other studies, authors only reached a success rate of 21–23% with respect to decreasing the
BMI of participants [6,7] and in this study, we achieved more than 72% of success. On the other hand,
the decrease of the BMI z-score is usually less than 0.2 SD and only for a low percentage. We achieved
a greater decrease in BMI compared to a well-conducted study by Rijks et al. [44] in which their
participants with morbid obesity lost 0.13 SD throughout 1 year of follow-up while our participants
lost 0.22 SD. It was also important to achieve our objective in a high percentage of participants
despite limited resources and in a short period with few sessions. “Sacbe” could have achieved this
promising result because this CNEP combines different strategies (group sessions, healthy lifestyle,
family participation, interdisciplinary team) [11–17,28] that separately have worked and adds the
active participation of parents (being equally evaluated compared with their children), as well as
education about a healthy lifestyle and diabesity pandemic considering the sociocultural context of the
participants [25,29].

Through recall 24 h recall and food frequency questionnaires, in addition to medical and
nutritionist visits we observed that our participants (children and parents) improved the quality
of their diet including more vegetables and decreased unhealthy food intake. They learned to identify
the real status of their weight and recognize Ob/Ow as a chronic disease. In fact, recently, experts have
recommended that Ob/Ow should be renamed ABCD, Adiposity-Based Chronic Disease [1] because
people in general and even health personnel are not aware that Ow/Ob are chronic diseases and
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therefore they do not show any interest to get education about a healthy lifestyle or are not worried
about improving their habits [29–44].

We achieved a significant reduction in BMI and fat in children and their parents in a brief period
but the challenge will be to preserve this reduction long term. In Mexico City, in another study in
preschoolers, with more human and financial support, the adherence to the intervention was very
low and in those who remained for 6 months, there were no significant changes in their weight
or BMI, only in their habits [45], however, experts recommend to first obtain changes in the habits
of children [6,46,47]. In children and parents there was a decrease in unhealthy habits associated
with adiposity, although, for children it was easier to change more habits and keep them stable for
3–4 months of follow-up than what it was observed in parents, as well as the adherence in terms
of attendance to appointments. This could be because children have had unhealthy habits for less
time and have fewer social responsibilities, in addition, there is a tendency to worsen habits over
time [48,49]. On the other hand, psychological aspects should be evaluated because there is evidence
that stress or anxiety can block the beneficial effects of a healthy diet [50]. In our study, participants
reported less stress and anxiety facing this disease through group sessions and in family visits.

The side effects of this intervention included a tendency to eat less, especially in children by
eliminating or decreasing the intake of processed products. A few patients reported family conflicts
when they wanted to improve the quality of their food because not all family members were convinced
to improve it.

The strengths of our study are the sample size that exceeded the one calculated to reach the
main objective (percentage of children that reduce the BMI z score), the integration of the Sacbe work
team, the acceptance of the parents (mainly mothers) to participate actively and the use of educational
techniques within a sociocultural context previously analyzed [30]. Rajjo T. et al. [51] reported that
comprehensive multicomponent interventions appear to have the best overall outcomes. Recently,
2 studies published [52,53] about long-term interventions long term in children showed that it is better
to begin the first months of life of children and to consider the economic level because it may have a
large difference in relation to outcomes if the population is at a low economic level.

The areas of opportunity will be having a control group, increasing the sample size in order to
analyze the role of each habit, quality of food, psychological evaluations, economic and education
levels, and the cost effectiveness of this type of interventions. In order to prevent desertion it will be
important to obtain permits from the work of the parents and the schools that the children attend,
as well to provide economic compensation for transportation.

5. Conclusions

This program “Sacbe” decreased BMI in children and their parents at a high percentage, but the
causal relationship cannot be established because of the quasi-experimental study design. The active
participation of parents being evaluated in addition their children, group sessions and the education
of a healthy lifestyle within their sociocultural context may explain the magnitude of these results.
The biggest challenge is to confirm the effectiveness of this program and find strategies to ensure
long-term success.

Author Contributions: A.R.-V. designed the study; A.P.-S., D.I.-Z., M.H.-F., C.P., C.F.-C., B.S., M.T., R.S. and
D.C. participated in the logistics and methodology. All of them participated in the analysis and contributions to
the manuscript.

Funding: This study was supported by CONACYT (Consejo Nacional de Ciencia y Tecnología).

Acknowledgments: We thank all our families who participated for their valuable commitment. We thank also
TODAY team, especially Lori Laffel, Enrique Caballero of Latino Clinic and Pediatrics team from Joslin Diabetes
Center, Psychologists Evangelina Aldana and José A. Páez de la Cruz; Georgina Toussaint RD; Juan Garduño,
Carlos Jiménez and Ingris Pelaez.

Conflicts of Interest: The authors declare no conflict of interest.

Disclosure Summary: The authors have nothing to disclose.



Int. J. Environ. Res. Public Health 2018, 15, 2010 8 of 10

References

1. Mechanick, J.; Hurley, D.L.; Garvey, W.T. Adiposity-based chronic disease as a new diagnostic term:
American Association of Clinical Endocrinologists and the American College of Endocrinology Position.
Endocr. Pract. 2016, 23, 372–378. [CrossRef] [PubMed]

2. Mercola, J. Obesity and Diabetes: A growing problem among Americans. JAMA 2003, 289, 76–79.
3. Hedley, A.A.; Ogden, C.L.; Johnson, C.L.; Carroll, M.D.; Curtin, L.R.; Flegal, K.M. Prevalence of overweight

and obesity among US children, adolescents, and adults, 1999–2002. JAMA 2004, 291, 2847–2850. [CrossRef]
[PubMed]

4. Dwyer, J.T.; Stone, E.J.; Yang, M.; Webber, L.S.; Must, A.; Feldman, H.A.; Nader, P.R.; Perry, C.L.; Parcel, G.S.
Prevalence of marked overweight and obesity in a multiethnic pediatric population: Findings from the Child
and Adolescent Trial for Cardiovascular Health (CATCH) study. J. Am. Diet. Assoc. 2000, 100, 1149–1156.
[CrossRef]

5. Shamah-Levy, T.; Cuevas-Nasu, L.; Rivera-Dommarco, J.; Hernández, M.; Gómez, L.M.; Gaona, E.B.;
Romero, M.; Méndez, I.; Saturno, P.; Villalpando, S.; et al. Encuesta Nacional de Salud y Nutrición de Medio
Camino 2016; Instituto Nacional de Salud Pública: México City, Mexico, 2016; pp. 147–169.

6. Oude, L.H.; Baur, L.; Jansen, H.; Shrewsbury, V.A.; O’Malley, C.; Stolk, R.P.; Summerbell, C.D. Interventions
for treating obesity in children. Cochrane Database Syst. Rev. 2009, 21, CD001872.

7. German, J.N.; Kirschenbaum, D.E.; Rich, B.H.; O’Koon, J.C. Long-term evaluation of multi-disciplinary
treatment of morbid obesity in low-income minority adolescents: La Rabida Children’: Hospital’s FitMatters
Program. J. Adolesc. Health 2006, 39, 553–561. [CrossRef] [PubMed]

8. Winkelby, M. The future of community based cardiovascular disease intervention studies. Am. J. Public Health
1994, 84, 1369–1372. [CrossRef]

9. NHLBI Obesity Education Initiative Expert Panel on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults. Clinical guidelines on the identification, evaluation and treatment of
overweight and obesity in adults: The evidence report. Obes. Res. 1998, 6 (Suppl. 2), 51S–210S.

10. Laakso, M. Prevention of type 2 diabetes. Curr. Mol. Med. 2005, 5, 365–374. [CrossRef] [PubMed]
11. Tuomilehto, J.; Lindstrom, J.; Eriksson, J.G.; Valle, T.T.; Hämäläinen, H.; Ilanne-Parikka, P.; Keinänen-Kiukaanniemi, S.;

Laakso, M.; Louheranta, A.; Rastas, M.; et al. Prevention of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance. N. Eng. J. Med. 2002, 344, 1343–1350. [CrossRef] [PubMed]

12. Satterfield, D.W.; Volansky, M.; Caspersen, C.J.; Engelgau, M.M.; Bowman, B.A.; Gregg, E.W.; Geiss, L.S.;
Hosey, G.M.; May, J.; Vinicor, F. Community-based lifestyle interventions to prevent type 2 diabetes.
Diabetes Care 2003, 26, 2643–2652. [CrossRef] [PubMed]

13. Angeles-Llerenas, A.; Carbajal-Sanchez, N.; Allen, B.; Zamora-Munoz, S.; Lazcano-Ponce, E. Gender, body
mass index and socio-demographic variables associated with knowledge about type 2 diabetes mellitus
among 13,293 Mexican students. Acta Diabetol. 2005, 42, 36–45. [CrossRef] [PubMed]

14. Quattrin, T.; Roemmich, J.N.; Paluch, R.; Yu, J.; Epstein, L.H.; Ecker, M.A. Treatment Outcomes of Overweight
Children and Parents in the Medical Home. Pediatrics 2014, 134, 290–297. [CrossRef] [PubMed]

15. Holland, J.C.; Kolko, R.P.; Stein, R.I.; Welch, R.R.; Perri, M.G.; Schechtman, K.B.; Saelens, B.E.; Epstein, L.H.;
Wilfley, D.E. Modifications in parent feeding practices and child diet during family-based behavioral
treatment improve child zBMI. Obesity 2014, 22, E119–E126. [CrossRef] [PubMed]

16. Theim, K.R.; Sinton, M.M.; Goldschmidt, A.B.; Van Buren, D.J.; Doyle, A.C.; Saelens, B.E.; Stein, R.I.;
Epstein, L.H.; Wilfley, D.E. Adherence to Behavioral Targets and Treatment Attendance during a Pediatric
Weight Control Trial. Obesity 2013, 21, 394–397. [CrossRef] [PubMed]

17. Maes, L.; Lievens, J. Can the school make a difference? A multilevel analysis of adolescent risk and health
behavior. Soc. Sci. Med. 2003, 56, 517–529. [CrossRef]

18. Haslam, D.W.; James, W.P.T. Obesity. Lancet 2005, 366, 1197–1209. [CrossRef]
19. Wadden, T.A.; Butryn, M.L.; Byrne, K.J. Efficacy of lifestyle modification for long-term weight control.

Obes. Res. 2004, 12, S151–S162. [CrossRef] [PubMed]
20. Breat, C. Psychological profile to become and to stay obese. Int. J. Obes. 2005, 29, S19–S23. [CrossRef]
21. Satterfield, D.W.; Lofton, T.; May, J.E.; Bowman, B.A.; Alfaro-Correa, A.; Benjamin, C.; Stankus, M. Learning

from listening: Common concerns and perceptions about diabetes prevention among diverse American
populations. J. Public Health Manag. Pract. 2003, 9, S56–S63. [CrossRef]

http://dx.doi.org/10.4158/EP161688.PS
http://www.ncbi.nlm.nih.gov/pubmed/27967229
http://dx.doi.org/10.1001/jama.291.23.2847
http://www.ncbi.nlm.nih.gov/pubmed/15199035
http://dx.doi.org/10.1016/S0002-8223(00)00337-0
http://dx.doi.org/10.1016/j.jadohealth.2006.02.007
http://www.ncbi.nlm.nih.gov/pubmed/16982391
http://dx.doi.org/10.2105/AJPH.84.9.1369
http://dx.doi.org/10.2174/1566524053766040
http://www.ncbi.nlm.nih.gov/pubmed/15892655
http://dx.doi.org/10.1056/NEJM200105033441801
http://www.ncbi.nlm.nih.gov/pubmed/11333990
http://dx.doi.org/10.2337/diacare.26.9.2643
http://www.ncbi.nlm.nih.gov/pubmed/12941733
http://dx.doi.org/10.1007/s00592-005-0172-4
http://www.ncbi.nlm.nih.gov/pubmed/15868112
http://dx.doi.org/10.1542/peds.2013-4084
http://www.ncbi.nlm.nih.gov/pubmed/25049340
http://dx.doi.org/10.1002/oby.20708
http://www.ncbi.nlm.nih.gov/pubmed/24458836
http://dx.doi.org/10.1002/oby.20281
http://www.ncbi.nlm.nih.gov/pubmed/23532993
http://dx.doi.org/10.1016/S0277-9536(02)00052-7
http://dx.doi.org/10.1016/S0140-6736(05)67483-1
http://dx.doi.org/10.1038/oby.2004.282
http://www.ncbi.nlm.nih.gov/pubmed/15687411
http://dx.doi.org/10.1038/sj.ijo.0803100
http://dx.doi.org/10.1097/00124784-200311001-00010


Int. J. Environ. Res. Public Health 2018, 15, 2010 9 of 10

22. Liburd, L.C.; Vinicor, F. Rethinking Diabetes Prevention and Control in Racial and Ethnic Cmmunities.
J. Public Health Manag. Pract. 2003, 9, S74–S79. [CrossRef]

23. Weigel, C.; Kokocinski, K.; Lederer, P.; Dotsch, J.; Rascher, W.; Knerr, I. Childhood obesity: Concept, feasibility
and interim results of a local group-based, long-term treatment program. J. Nutr. Educ. Behav. 2008, 40,
369–373. [CrossRef] [PubMed]

24. Burke, L.E.; Styn, M.A.; Glanz, K.; Ewing, L.J.; Elci, O.U.; Conroy, M.B.; Sereika, S.M.; Acharya, S.D.;
Music, E.; Keating, A.L.; et al. Smart trial: A randomized clinical trial of self-monitoring in behavioral weight
management-design and baseline findings. Contemp. Clin. Trials 2009, 30, 540–551. [CrossRef] [PubMed]

25. Huang, T.T.-K.; Goran, M.I. Prevention of type 2 diabetes in young people: A theoretical perspective. Pediatr.
Diabetes 2003, 4, 38–56. [CrossRef] [PubMed]

26. Burnet, D.; Plaut, A.; Courtney, R.; Chin, M.H. A practical model for preventing type 2 diabetes in minority
youth. Diabetes Educ. 2002, 28, 779–795. [CrossRef] [PubMed]

27. Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M.;
Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403. [PubMed]

28. The TODAY Study Group. Treatment options for type 2 diabetes in adolescents and youth: A study of the
comparative efficacy of metformin alone or in combination with rosiglitazone or lifestyle intervention in
adolescents with type 2 diabetes. Pediatr. Diabetes 2007, 8, 74–87. [CrossRef] [PubMed]

29. Rodriguez-Ventura, A.; Pelaez, I.; Samano, R.; Jiménez, C.; Aguilar Salinas, C. Barriers to Lose Weight from
the Perspective of Children with Overweight/Obesity and Their Parents: A Sociocultural Approach. J. Obes.
2014, 2014, 575184. [CrossRef] [PubMed]

30. Rutishauser, I.H. Dietary intake measurements. Public Health Nutr. 2005, 8, 1100–1107. [CrossRef] [PubMed]
31. Grewal, N.K.; Mosdol, A.; Aunan, M.B.; Monsen, C.; Torheim, L.E. Development and pilot testing of 24-hour

multiple-pass recall to assess dietary intake of toddlers of Somali-and Iraqui-born mothers living in Norway.
Nutrients 2014, 6, 2333–2347. [CrossRef] [PubMed]

32. Ochiai, H.; Shirasawa, T.; Ohtsu, T.; Nishimura, R.; Morimoto, A.; Hoshino, H.; Tajima, N.; Kokaze, A. The
impact of eating quickly on anthropometric variables among schoolgirls: A prospective cohort study in
Japan. Eur. J. Public Health 2013, 24, 691–695. [CrossRef] [PubMed]

33. Salazar-Vázquez, B.Y.; Salazar-Vázquez, M.A.; López-Gutiérrez, G.; Acosta Rosales, K.; Cabrales, P.;
Vadillo-Ortega, F.; Intaglietta, M.; Pérez Tamayo, R.; Schmid-Schönbein, G.W. Control of overweight
and obesity in childhood trough education in meal time habits. The good manners for a healthy future
programme. Pediatr. Obes. 2016, 11, 484–490. [CrossRef] [PubMed]

34. Yunsheng, M.; Bertone, E.R.; Stanek, E.J., III; Reed, G.W.; Hebert, J.R.; Cohen, N.L.; Merriam, P.A.; Ockene, I.S.
Association between eating patterns and obesity in a free-living us adult population. Am. J. Epidemiol.
2003, 158, 85–92.

35. Murakami, K.; Miyake, Y.; Sasaki, S.; Tanaka, K.; Arakawa, M. Self-reported rate of eating and risk of
overweight in Japanese children: Ryukus Child Health Study. J. Nutr. Sci. Vitaminol. 2012, 58, 247–252.
[CrossRef] [PubMed]

36. Nago, E.S.; Lachat, C.K.; Dossa, R.A.M.; Kolsteren, P.W. Association of out-of-home eating with
anthropometric changes: A systematic review of prospective studies. Crit. Rev. Food Sci. Nutr. 2014, 54,
1103–1116. [CrossRef] [PubMed]

37. Chapman, C.D.; Benedict, C.; Brooks, S.J.; Schiöth, H.B. Lifestyle determinants of the drive to eat: A
meta-analysis. Am. J. Clin. Nutr. 2012, 96, 492–497. [CrossRef] [PubMed]

38. Buxton, O.M.; Chang, A.M.; Spilsbury, J.C.; Bos, T.; Emsellem, H.; Knutson, K.L. Sleep in the modern family:
Protective family routines for child and adolescent sleep. Sleep Health 2015, 1, 15–27. [CrossRef] [PubMed]

39. National Sleep Foundation Recommends New Sleep Times. Available online: https://sleepfoundation.org/
press-release/national-sleep-foundation-recommends-new-sleep-times/page/0/1 (accessed on 20 July 2018).

40. Pérez-Lizaur, A.B.; Palacios-González, B.; Castro, A.L.; Flores, I. Sistema Mexicano de Alimentos Equivalentes,
4th ed.; Fomento de Nutrición y Salud, A.C.: Mexico City, Mexico, 2014.

41. Rodríguez-Ventura, A.L. Eficacia de “Sacbe” para disminuir índice de masa corporal en niños con
sobrepeso/obesidad y otros factores de riesgo para desarrollar diabetes tipo 2. Ph.D. Thesis, Universidad
Nacional Autónoma de México, Ciudad de México, Mexico, 2015; p. 60.

http://dx.doi.org/10.1097/00124784-200311001-00013
http://dx.doi.org/10.1016/j.jneb.2007.07.009
http://www.ncbi.nlm.nih.gov/pubmed/18984493
http://dx.doi.org/10.1016/j.cct.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/19665588
http://dx.doi.org/10.1034/j.1399-5448.2003.00022.x
http://www.ncbi.nlm.nih.gov/pubmed/14655523
http://dx.doi.org/10.1177/014572170202800519
http://www.ncbi.nlm.nih.gov/pubmed/14625964
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://dx.doi.org/10.1111/j.1399-5448.2007.00237.x
http://www.ncbi.nlm.nih.gov/pubmed/17448130
http://dx.doi.org/10.1155/2014/575184
http://www.ncbi.nlm.nih.gov/pubmed/25371816
http://dx.doi.org/10.1079/PHN2005798
http://www.ncbi.nlm.nih.gov/pubmed/16277822
http://dx.doi.org/10.3390/nu6062333
http://www.ncbi.nlm.nih.gov/pubmed/24949548
http://dx.doi.org/10.1093/eurpub/ckt120
http://www.ncbi.nlm.nih.gov/pubmed/23981896
http://dx.doi.org/10.1111/ijpo.12091
http://www.ncbi.nlm.nih.gov/pubmed/26667210
http://dx.doi.org/10.3177/jnsv.58.247
http://www.ncbi.nlm.nih.gov/pubmed/23132308
http://dx.doi.org/10.1080/10408398.2011.627095
http://www.ncbi.nlm.nih.gov/pubmed/24499144
http://dx.doi.org/10.3945/ajcn.112.039750
http://www.ncbi.nlm.nih.gov/pubmed/22836029
http://dx.doi.org/10.1016/j.sleh.2014.12.002
http://www.ncbi.nlm.nih.gov/pubmed/26779564
https://sleepfoundation.org/press-release/national-sleep-foundation-recommends-new-sleep-times/page/0/1
https://sleepfoundation.org/press-release/national-sleep-foundation-recommends-new-sleep-times/page/0/1


Int. J. Environ. Res. Public Health 2018, 15, 2010 10 of 10

42. Sámano, R.; Rodríguez-Ventura, A.L.; Sánchez-Jiménez, B.; Martínez, E.Y.G.; Noriega, A.; Zelonka, R.;
Garza, M.; Nieto, J. Satisfacción de la imagen corporal en adolescentes y adultos mexicanos y su relación con
la autopercepción corporal y el índice de masa corporal real. Nutrición Hospitalaria 2015, 31, 1082–1088.

43. Secretaría de Salud (SSA). Norma Oficial Mexicana NOM-043-SSA2-2005, Servicios básicos de salud. Promoción y
educación para la salud en materia alimentaria. Criterios para brindar orientación; Federación Mexicana: Mexico
City, Mexico, 2005.

44. Rijks, J.M.; Plat, J.; Mensink, R.P.; Dorenbos, E.; Buurman, W.A. Children with morbid obesity benefit equally
as children with overweight and obesity from an ongoing care program. J. Clin. Endocrinol. Metab. 2015, 100,
3572–3580. [CrossRef] [PubMed]

45. Martinez-Andrade, G.O.; Cespedes, E.M.; Rifas-Shiman, S.L.; Romero-Quechol, G.; Gonzalez-Uzaga, M.A.;
Benitez-Trejo, M.A.; Flores-Huerta, S.; Horan, C.; Haines, J.; Taveras, E.M.; et al. Feasibility and impact of
Creciendo Sanos, a clinic-based pilot intervention to prevent obesity among preschool children in Mexico
City. BMC Pediatr. 2014, 14, 77–92. [CrossRef] [PubMed]

46. Alvirde-Garcia, U.; Rodriguez-Guerrero, A.J.; Henao-Moran, S.; Gomez-Perez, F.J.; Aguilar-Salinas, C.A.
Resultados de un programa comunitario de intervención en el estilo de vida en niños. Salud Pública de México
2013, 55, S406–S414.

47. Kunin-Batson, A.S.; Seburg, E.M.; Crain, A.L.; Jaka, M.M.; Langer, S.L.; Levy, R.L.; Sherwood, N.E. Household
Factors, Family Behavior Patterns, and Adherence to Dietary and Physical Activity Guidelines Among
Children at Risk for Obesity. J. Nutr. Educ. Behav. 2015, 47, 206–215. [CrossRef] [PubMed]

48. Franko, D.L.; Striegel-Moore, R.H.; Thompson, D.; Affenito, S.G.; Schreiber, G.B.; Daniels, S.R.; Crawford, P.B.
The relationship between meal frequency and body mass index in black and white adolescent girls: More is
less. Int. J. Obes. 2008, 32, 23–29. [CrossRef] [PubMed]

49. Nicklas, T.A.; Morales, M.; Linares, A.; Yang, S.J.; Baranowski, T.; De Moor, C.; Berenson, G. Children’s
meal patterns have changed over a 21-year period: The Bogalusa Heart Study. J. Am. Diet. Assoc. 2004, 104,
753–761. [CrossRef] [PubMed]

50. Laugero, K.D.; Smilowitz, J.T.; German, J.B.; Jarcho, M.R.; Mendoza, S.P.; Bales, K.L. Plasma omega 3
polyunsaturated fatty acid status and monounsaturated fatty acids are altered by chronic social stress and
predict endocrine-responses to acute stress in titi monkeys. Prostaglandins Leukot Essent Fatty Acids 2011, 84,
71–78. [CrossRef] [PubMed]

51. Rajjo, T.; Mohammed, K.; Alsawas, M.; Ahmed, A.T.; Farah, W.; Asi, N.; Almasri, J.; Prokop, L.J.; Hassan
Murad, M. Treatment of Pediatric Obesity: An Umbrella Systematic Review. J. Clin. Endocrinol. Metab.
2017, 102, 763–767. [PubMed]

52. Paul, I.M.; Savage, J.S.; Anzman-Frasca, S.; Marini, M.E.; Beiler, J.S.; Hess, L.B.; Loken, E.; Birch, L.L. Effect of
a Responsive Parenting Educational Intervention on Childhood Weight Outcomes at 3 Years of Age. The
INSIGHT Randomized Clinical Trial. JAMA 2018, 320, 461–468. [CrossRef] [PubMed]

53. Barkin, S.L.; Heerman, W.J.; Sommer, E.C.; Martin, N.C.; Buchowski, M.S.; Schlundt, D.; Po’e, E.K.;
Burgess, L.E.; Escarfuller, J.; Pratt, C.; et al. Effect of a Behavioral Intervention for Underserved Preschool-Age
Children on Change in Body Mass Index. A Randomized Clinical Trial. JAMA 2018, 320, 450–460. [CrossRef]
[PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1210/jc.2015-1444
http://www.ncbi.nlm.nih.gov/pubmed/26186296
http://dx.doi.org/10.1186/1471-2431-14-77
http://www.ncbi.nlm.nih.gov/pubmed/24649831
http://dx.doi.org/10.1016/j.jneb.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25748634
http://dx.doi.org/10.1038/sj.ijo.0803654
http://www.ncbi.nlm.nih.gov/pubmed/17563764
http://dx.doi.org/10.1016/j.jada.2004.02.030
http://www.ncbi.nlm.nih.gov/pubmed/15127060
http://dx.doi.org/10.1016/j.plefa.2010.12.003
http://www.ncbi.nlm.nih.gov/pubmed/21211954
http://www.ncbi.nlm.nih.gov/pubmed/28359101
http://dx.doi.org/10.1001/jama.2018.9432
http://www.ncbi.nlm.nih.gov/pubmed/30088009
http://dx.doi.org/10.1001/jama.2018.9128
http://www.ncbi.nlm.nih.gov/pubmed/30088008
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Data Record 
	Adiposity Measurements 
	Assessment of Meal Patterns and Lifestyle 
	Energy Intake 

	Intervention Description 
	Statistical Analysis 
	Ethical and Biosecurity Considerations 

	Results 
	Discussion 
	Conclusions 
	References

