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Abstract

:

Background/Aim: Obesity in adolescents is increasing; as such, the aim of this study was to determine the prevalence of obesity in Mexican adolescents and examine its possible association with hours of sleep. Methods: A school-based cross-sectional study was carried out. This study included 863 adolescents aged between 11 and 16 years. The prevalence of obesity was estimated using the body mass index (BMI). The duration of sleep (and other information) was assessed by a self-reported questionnaire. The Cochran–Mantel–Hansel test for categorical variables and a general linear model for continuous variables were used to evaluate the interaction effect of BMI and sex with respect to sleeping and assessed activity conditions. Results: It was found that 47.6% of the adolescents were overweight/obese. Men were more frequently overweight/obese than women (52.6% vs. 41.8%, p = 0.002). Moreover, overweight/obese adolescents were younger and spent fewer daily hours watching television (p < 0.05). Men practiced sports more hours per week than women (p = 0.04). However, women spent more daily time on the internet (p = 0.05), and overweight/obese adolescent women slept fewer hours than overweight/obese men and adolescents with normal weight (p = 0.008). Conclusions: The development of strategies for the prevention of overweight/obesity and the improvement of sleep duration should include a gender perspective to improve health habits in Mexican adolescents.
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1. Introduction


Overweight and obesity are worldwide health problems; in particular, in school adolescents, overweight and obesity are rapidly increasing. It is known that, from 1990 to 2012, the prevalence increased from 4.2% to 7.0%; in 2016, almost 340 million children and adolescents were overweight or obese [1,2]. In the USA, 32% of children and adolescents were diagnosed as overweight or obese in 2007–2008 [3], whereas, in Spain, in 2012, the prevalence was 40% [4]. In Mexico, the prevalence of overweight and obesity in 2012 among the general population was 71.3% (38.8% overweight and 32.4% obese) [5], while 35% of the adolescents presented overweight and obesity [6,7,8]. In the state of Tabasco only, overweight and obesity in adolescents reached 40.7% in the same year [7].



Literature reports have indicated that several medical complications are common in children with obesity, such as orthopedic, metabolic, and cardiovascular diseases [9,10,11,12]; therefore, prevention and treatment of obesity and overweight are crucial [13]. There are many factors associated with overweight and obesity in adolescents, such as sedentary lifestyles (many hours using computers or watching television) and fast food intake [14,15,16]. Furthermore, some studies have suggested that few hours (<8 h) of sleep every night could also be associated with obesity [17,18].



In 2004, Spiegel et al. [19] reported an increase in hunger and appetite in young men associated with sleep curtailment. Then, a growing interest in the association between a few hours of sleep and obesity was attained. Since 2004, many studies have investigated the association between a few hours of sleep and obesity in adolescents [17,20,21,22]; nevertheless, the mechanism of association is not entirely known [23]. Despite the increasing reports in this area and a meta-analysis including 35,540 participants [24], nonconclusive outcomes were attained. To date, no clear association has been established between a short time of sleep and obesity in the Mexican adolescent population; consequently, the present study is required. In this work, we determined the frequency of obesity by gender in a school-based cross-sectional study and evaluated, among other variables related to sleep and physical activities, the relationship between sleep duration per night and obesity by sex, in a sample of adolescents in the southeastern area of Mexico.




2. Materials and Methods


This was a school-based cross-sectional study, among students of public schools in Comalcalco, Tabasco, México. We assessed students of junior high school between 11 and 16 years of age; a total of 863 adolescents were included. The schools were selected according to the geographic regions in Comalcalco city. Three schools were chosen, due to their representativeness of the municipality. In order to have a balanced geographic distribution, only 350 participants per school were included.



All parents received detailed information on the aims of the study. Only adolescents whose mother or father signed the consent form were included in the study. Neither the adolescents nor their relatives received any economical remuneration. This study was conducted following the guidelines of the Declaration of Helsinki. This study was approved by the DAMC-UJAT Ethics and Research Committee (UJAT-DAMC-2013B-004).



2.1. Data Collection


Personal information was collected using a self-reported structured questionnaire designed for this study. Demographics such as age and sex were included.




2.2. Obesity Evaluation


The anthropometric measurements of adolescents were undertaken in their school by five trained medical students attending their third year of university school. Measurement techniques of the medical students were standardized prior to the study to avoid evaluation biases. Height was measured (in meters) using stadiometers with 1 mm precision, and body weight was measured (in kilograms) using a digital bascule with 0.1 kg precision. Overweight and obesity were classified according to the International Obesity Task Force criteria (IOTF), based on body mass index measurements (BMI), with a cutoff based on BMI curves as a function of sex and age defined by the literature [25], as well as in compliance with the Mexican Official Norm NOM-008-SSA2-1993, which refers to the nutrition, growth, and development of children and adolescents.




2.3. Sleep Duration


To obtain information about sleep duration (including hours slept per night), a questionnaire was developed following previous procedures reported in the literature [17,26]. We included the following questions: “How many hours do you sleep at night before a school day (i.e., Sunday, Monday, Tuesday, Wednesday, and Thursday)? How many hours do you sleep at night before days on which you do not attend school (Friday and Saturday)?” With this information, we calculated the average hours slept per day. The average duration of sleep was calculated as reported by Mitchell et al.: (school night × 5) + weekend night × 2)/7 [17]. An additional question related to sleep was added (“Do you normally wake up in the night to drink water?”), as this behavior may fragment sleep continuity. This questionnaire also collected information for other variables such as the number of days and daily hours playing videogames, watching television, and using the internet. Furthermore, other activities such as reading and practicing sports (sports, gym, running) were also registered.




2.4. Statistical Analysis


All statistical procedures were performed using the Statistical Package for the Social Sciences (SPSS), version 21. Descriptive statistics of all variables were calculated with frequencies and percentages for categorical variables and means and standard deviations for continuous variables. The Cochran–Mantel–Haenszel test was used to examine sex differences on the categorical variables assessed between BMI groups (normal weight vs. overweight/obese) with the estimated odds ratio (95% C.I.) for three-way contingency tables (2 × 2 × 2). A generalized linear model (GLM) was performed to assess mean changes in continuous variables between men and women, as well as among BMI groups, and to test the interaction effect of sex × BMI groups. All tests were conducted at a two-sided 5% significance level.





3. Results


A total of 863 Mexican adolescents with a mean age of 13.0 years (S.D. = 1.0, range 11–16 years) were included. A similar proportion of men (46.9%, n = 405) and women (53.1%, n = 458) was found. A total sleep time of 8.5 h (S.D. = 1.3, range 4–14) was reported, with a high percentage of adolescents reporting sedentary activities such as watching television daily (92.1%, n = 795) and the use of the internet (73.8%, n = 637). The remaining sleep variables, as well as the sedentary and physical activities assessed, are included in Table 1.



In accordance with the previously defined cutoff points to determine BMI groups, 52.4% (n = 452) of the adolescents were classified into the normal weight group, while the remaining 47.6% (n = 411) were classified into the overweight/obese group. Overweight/obesity was more frequently reported in men (52.6%, n = 216) than in women (41.8%, n = 189; χ2 = 9.9, p = 0.002).



The comparisons between BMI groups according to sex are displayed in Table 1. According to the Breslow–Day Tarone-adjusted value of the Cochran–Mantel–Haenszel test for categorical variables and the Levene test of the GLM for continuous variables, all comparisons were homogeneous with values over 0.05. No significant differences emerged in the frequency of presentation of sleep variables, as well as sedentary or physical activities, between BMI groups according to sex. It was observed that more overweight/obese men reported reading as an activity compared to normal weight men (47.7% vs. 37.6%, χ2 = 4.2, p = 0.04).



Results of the GLM showed significant differences between BMI groups as a function of age (Pillai’s trace = 0.22, F = 9.8, p = 0.003), where overweight/obese adolescents were younger, as well as between sexes as a function of daily time spent on the internet (Pillai’s Trace = 0.23, F = 4.0, p = 0.05), where women spent more time than men, and number of days practicing physical activities (Pillai’s trace = 0.23, F = 4.2, p = 0.04), where men practiced physical activities (sports) more often than women. Interestingly, the only significant interaction effect of sex × BMI groups was observed in the mean hours of sleep (Pillai’s trace = 0.25, F = 4.2, p = 0.04); overweight/obese women had fewer hours of sleep than men and normal weight women (see Table 2).




4. Discussion


Adolescence is a time of transition from childhood to adulthood where many physiological and psychological changes occur that may affect the lifestyle and health of adolescents [27]. In accordance, some evidence shows that obesity and short sleep duration during childhood or adolescence may have important negative effects on physical and mental health, both frequently used as indicators of unhealthy lifestyle and poor health status [28,29]. Therefore, our aim was to estimate the prevalence of obesity in a sample of Mexican adolescents from the state of Tabasco in southern Mexico and evaluate, among other variables related to sleep and physical activities, the relationship between sleep duration per night and obesity by sex.



To begin, our first findings show that 47.6% of our total sample had overweight/obesity, which was higher in men (52.6% vs. 41.8%). Comparing this information with data previously reported, we could see a higher prevalence of overweight/obesity in this population; in 2012, it was 26.5% [7,8]. Moreover, in the 2016 Halfway National Health and Nutrition Survey, the prevalence of overweight/obesity was 39.2% in female adolescents and 33.5% in male adolescents [30].



There are multiple factors that could be involved in this higher prevalence; thus, it was necessary to also explore the participation of other variables that could be risk factors for overweight/obesity. In the present study, it could be observed that adolescents with overweight/obesity were younger than teens with normal weight (regardless of gender). Perhaps, this could be partially explained by a change in the election of food or nutritional transition [31]. Growing up, children, now adolescents, could have chosen foods with lower caloric intake [32]. However, future longitudinal studies should address this possibility as, in general, promotion of healthy food intake is generally not a focus of interest for adolescents. Therefore, it is necessary to promote the intake of healthier food in this population [33], where parents and school authorities may have an important role.



As another part of the analysis, we evaluated the association between hours of sleep and overweight/obesity. Previous studies found this association in the adult population [34], adolescent population [17,20,22,26,35,36], and children [37], and Mexico is no exception. We found that female adolescents with overweight/obesity were those with fewer sleep time hours.



In addition, we observed that women with normal weight slept 1.3 h more than men with normal weight. This result appears to be contradictory to some previous studies reported in the literature. Pengpid et al. [38], reported that women sleep fewer hours than men. However, it must be considered that most of the participants in that study were older than the participants included in our study. Alternatively, the study of Miguez, et al. [39] showed no differences in hours of sleep between men and women with similar ages to those reported herein. These discrepancies in the hours of sleep may be explained by the characteristics of the population, as well as the increased access to video games for men compared to women [40,41].



The mechanism underlying the association between sleep duration and obesity or even BMI remains poorly understood; however, there some explanations have been proposed. For example, findings of experimental studies have shown that sleep deprivation can affect food choices, leading to a reduction in the intake of vegetable and fruits and an increased intake of energy-dense foods, such as fast food or sugar-sweetened beverages [42,43]. To sum up, sleep loss has been proposed to be related to weight gain by increasing ghrelin levels and decreasing leptin levels, which stimulate appetite and the intake of excessive food [42,43]. In this way, it has been seen that, if children who sleep for a short duration spend more waking hours on sedentary activities, such as media use, they will have much more opportunities to ingest food or snacks [18,42]. The previously stated fact that, in our sample population, we found that females spend more time on the internet and men have more days of physical activities, is necessary to take into consideration in further studies. As sleep loss may have an effect on the energy expenditures, this could lead to fewer physical activities and more sedentary activities as subjects may feel more tired [42,43].



Some limitations can be identified in this study. This study was performed in Tabasco State and our results are not representative of the general Mexican population. Secondly, the characteristics associated with obesity were obtained from self-reports which could carry intrinsic respondent bias and measurement errors. Thirdly, only adolescent students were included in this survey; additionally, adolescents that were not enrolled in school during the survey were not included and this could have also biased the study. Lastly, metabolic parameters were not evaluated. In addition, sleeping time and other variables such as quality of sleep and awakening during the night, for example, were not considered, which may have an impact on metabolism alterations [44]; thus, these should be considered in future studies.




5. Conclusions


This study found an association between short hours of sleep and overweight/obesity in Mexican female adolescents. Similarly, adolescent women were found to spend more time on the internet, which might have contributed to the increase in overweight/obesity observed in this Mexican adolescent population. Strategies for the prevention of overweight/obesity should include a gender perspective to increase not only activity and exercise, but also increase the time of sleep in female adolescents.







Author Contributions


Conceptualization, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M., R.G.C.-A. and H.N.; data curation, A.F., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M. and H.N.; formal analysis, A.F., M.L.L.-N., T.B.G.-C. and C.A.T.-Z.; funding acquisition, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M., R.G.C.-A. and H.N.; investigation, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M., R.G.C.-A. and H.N.; methodology, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M. and R.G.C.-A.; project administration, A.F., M.L.L.-N., I.E.J.-R., T.B.G.-C., C.A.T.-Z. and A.D.G.-M.; resources, A.F., M.L.L.-N., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M. and H.N.; software, A.F., I.E.J.-R., T.B.G.-C., C.A.T.-Z. and A.D.G.-M.; supervision, A.F., M.L.L.-N., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M. and H.N.; validation, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M., R.G.C.-A. and H.N.; visualization, A.F., M.L.L.-N., T.G.G.-P., D.G.A.-V., I.E.J.-R., T.B.G.-C., C.A.T.-Z., A.D.G.-M., R.G.C.-A. and H.N.; writing—original draft, review, and editing, all authors. All authors read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics and Research Committees from Universidad Juárez Autónoma de Tabasco (Protocol code UJAT-DAMC-2013B-004).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is available upon request.




Acknowledgments


The collection of data was carried out with the support of Universidad Juárez Autónoma de Tabasco.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



de Onis, M.; Blossner, M.; Borghi, E. Global prevalence and trends of overweight and obesity among preschool children. Am. J. Clin. Nutr. 2010, 92, 1257–1264. [Google Scholar] [CrossRef]

	



Obesity and Overweight. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 9 July 2021).

	



Ogden, C.L.; Carroll, M.D.; Curtin, L.R.; Lamb, M.M.; Flegal, K.M. Prevalence of high body mass index in US children and adolescents, 2007–2008. JAMA 2010, 303, 242–249. [Google Scholar] [CrossRef] [PubMed]

	



Sanchez-Cruz, J.J.; Jimenez-Moleon, J.J.; Fernandez-Quesada, F.; Sanchez, M.J. Prevalence of child and youth obesity in Spain in 2012. Rev. Esp. Cardiol. 2013, 66, 371–376. [Google Scholar] [CrossRef]

	



Barquera, S.; Campos-Nonato, I.; Hernandez-Barrera, L.; Pedroza, A.; Rivera-Dommarco, J.A. Prevalence of obesity in Mexican adults 2000–2012. Salud Publica Mex. 2013, 55 (Suppl. 2), S151–S160. [Google Scholar] [CrossRef]

	



Heidi Ullmann, S.; Buttenheim, A.M.; Goldman, N.; Pebley, A.R.; Wong, R. Socioeconomic differences in obesity among Mexican adolescents. Int. J. Pediatric Obes. 2011, 6, e373–e380. [Google Scholar] [CrossRef] [PubMed]

	



Mauricio, H.A. Encuesta Nacional de Salud y Nutrición 2012. Sintesis Ejecutiva; Publica INdS: Cuernavaca, Mexico, 2012. [Google Scholar]

	



Gutiérrez, J.P.R.-D.J.; Shamah-Levy, T.; Villalpando-Hernández, S.; Franco, A.; Cuevas-Nasu, L.; Romero-Martínez, M.H.-Á.M. Encuesta Nacional de Salud y Nutrición 2012. Resultados Nacionales; Publica INdS: Cuernavaca, Mexico, 2012. [Google Scholar]

	



Maggio, A.B.; Martin, X.E.; Saunders Gasser, C.; Gal-Duding, C.; Beghetti, M.; Farpour-Lambert, N.J.; Chamay-Weber, C. Medical and non-medical complications among children and adolescents with excessive body weight. BMC Pediatr. 2014, 14, 232. [Google Scholar] [CrossRef] [PubMed]

	



Yoon, J.M. Dyslipidemia in children and adolescents: When and how to diagnose and treat? Pediatr. Gastroenterol. Hepatol. Nutr. 2014, 17, 85–92. [Google Scholar] [CrossRef]

	



Luca, A.C.; Iordache, C. Obesity—A risk factor for cardiovascular diseases. Rev. Med. Chir. A Soc. De Med. Si Nat. Din Iasi 2013, 117, 65–71. [Google Scholar]

	



Bastien, M.; Poirier, P.; Lemieux, I.; Despres, J.P. Overview of epidemiology and contribution of obesity to cardiovascular disease. Prog. Cardiovasc. Dis. 2014, 56, 369–381. [Google Scholar] [CrossRef]

	



Gupta, N.; Goel, K.; Shah, P.; Misra, A. Childhood obesity in developing countries: Epidemiology, determinants, and prevention. Endocr. Rev. 2012, 33, 48–70. [Google Scholar] [CrossRef] [PubMed]

	



Ghosh, A. Explaining overweight and obesity in children and adolescents of Asian Indian origin: The Calcutta childhood obesity study. Indian J. Public Health 2014, 58, 125–128. [Google Scholar] [CrossRef]

	



Gilbert-Diamond, D.; Li, Z.; Adachi-Mejia, A.M.; McClure, A.C.; Sargent, J.D. Association of a television in the bedroom with increased adiposity gain in a nationally representative sample of children and adolescents. JAMA Pediatr. 2014, 168, 427–434. [Google Scholar] [CrossRef] [PubMed]

	



Chen, J.; Yi, H.; Liu, Z.; Fan, Y.; Bian, J.; Guo, W.; Chang, W.; Sun, J. Factors associated with being overweight among Inner Mongolia medical students in China. BMJ Open 2013, 3, e003900. [Google Scholar] [CrossRef] [PubMed]

	



Mitchell, J.A.; Rodriguez, D.; Schmitz, K.H.; Audrain-McGovern, J. Sleep duration and adolescent obesity. Pediatrics 2013, 131, e1428–e1434. [Google Scholar] [CrossRef] [PubMed]

	



Cappuccio, F.P.; Taggart, F.M.; Kandala, N.B.; Currie, A.; Peile, E.; Stranges, S.; Miller, M.A. Meta-analysis of short sleep duration and obesity in children and adults. Sleep 2008, 31, 619–626. [Google Scholar] [CrossRef]

	



Spiegel, K.; Tasali, E.; Penev, P.; Van Cauter, E. Brief communication: Sleep curtailment in healthy young men is associated with decreased leptin levels, elevated ghrelin levels, and increased hunger and appetite. Ann. Intern. Med. 2004, 141, 846–850. [Google Scholar] [CrossRef]

	



Suglia, S.F.; Kara, S.; Robinson, W.R. Sleep Duration and Obesity among Adolescents Transitioning to Adulthood: Do Results Differ by Sex? J. Pediatr. 2014, 165, 750–754. [Google Scholar] [CrossRef] [PubMed]

	



Seegers, V.; Petit, D.; Falissard, B.; Vitaro, F.; Tremblay, R.E.; Montplaisir, J.; Touchette, E. Short sleep duration and body mass index: A prospective longitudinal study in preadolescence. Am. J. Epidemiol. 2011, 173, 621–629. [Google Scholar] [CrossRef] [PubMed]

	



Sekine, M.; Yamagami, T.; Handa, K.; Saito, T.; Nanri, S.; Kawaminami, K.; Tokui, N.; Yoshida, K.; Kagamimori, S. A dose-response relationship between short sleeping hours and childhood obesity: Results of the Toyama Birth Cohort Study. Child Care Health Dev. 2002, 28, 163–170. [Google Scholar] [CrossRef] [PubMed]

	



Yeh, S.S.; Brown, R.F. Disordered eating partly mediates the relationship between poor sleep quality and high body mass index. Eat. Behav. 2014, 15, 291–297. [Google Scholar] [CrossRef]

	



Wu, Y.; Gong, Q.; Zou, Z.; Li, H.; Zhang, X. Short sleep duration and obesity among children: A systematic review and meta-analysis of prospective studies. Obes. Res. Clin. Pract. 2017, 11, 140–150. [Google Scholar] [CrossRef]

	



Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide: International survey. BMJ 2000, 320, 1240–1243. [Google Scholar] [CrossRef]

	



Garaulet, M.; Ortega, F.B.; Ruiz, J.R.; Rey-Lopez, J.P.; Beghin, L.; Manios, Y.; Cuenca-Garcia, M.; Plada, M.; Diethelm, K.; Kafatos, A.; et al. Short sleep duration is associated with increased obesity markers in European adolescents: Effect of physical activity and dietary habits. The HELENA study. Int. J. Obes. 2011, 35, 1308–1317. [Google Scholar] [CrossRef] [PubMed]

	



Campbell, I.G.; Van Dongen, H.P.A.; Gainer, M.; Karmouta, E.; Feinberg, I. Differential and interacting effects of age and sleep restriction on daytime sleepiness and vigilance in adolescence: A longitudinal study. Sleep 2018, 41, zsy177. [Google Scholar] [CrossRef]

	



Reynolds, C.M.; Gradisar, M.; Coussens, S.; Short, M.A. Sleep spindles in adolescence: A comparison across sleep restriction and sleep extension. Sleep Med 2018, 50, 166–174. [Google Scholar] [CrossRef] [PubMed]

	



Benestad, B.; Juliusson, P.B.; Siegfried, W.; Lekhal, S.; Smastuen, M.C.; Hertel, J.K.; Agosti, F.; Marazzi, N.; Hjelmesaeth, J.; Sartorio, A. Cardiometabolic risk factors differ among adolescents with obesity in three European countries—A cross sectional study. Acta Paediatr. 2018, 108, 493–501. [Google Scholar] [CrossRef]

	



Shamah-Levy, T.; Cuevas-Nasu, L.; Gaona-Pineda, E.B.; Gomez-Acosta, L.M.; Morales-Ruan, M.D.C.; Hernandez-Avila, M.; Rivera-Dommarco, J.A. Overweight and obesity in children and adolescents, 2016 Halfway National Health and Nutrition Survey update. Salud Publica Mex. 2018, 60, 244–253. [Google Scholar] [CrossRef]

	



Fidler Mis, N.; Braegger, C.; Bronsky, J.; Campoy, C.; Domellof, M.; Embleton, N.D.; Hojsak, I.; Hulst, J.; Indrio, F.; Lapillonne, A.; et al. Sugar in Infants, Children and Adolescents: A Position Paper of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition Committee on Nutrition. J. Pediatr. Gastroenterol. Nutr. 2017, 65, 681–696. [Google Scholar] [CrossRef] [PubMed]

	



Macias, M.A.I.; Gordillo, S.L.G.; Camacho, R.E.J. Hábitos alimentarios de niños en edad escolar y el papel de la educación para la salud. Rev. Chil. Nutr. 2012, 39, 40–43. [Google Scholar] [CrossRef]

	



Child Nutrition Programs. Flexibilities for Milk, Whole Grains, and Sodium Requirements. Interim final rule. Fed. Regist. 2017, 82, 56703–56723. [Google Scholar]

	



Park, S.K.; Jung, J.Y.; Oh, C.M.; McIntyre, R.S.; Lee, J.H. Association Between Sleep Duration, Quality and Body Mass Index in the Korean Population. J. Clin. Sleep Med. 2018, 14, 1353–1360. [Google Scholar] [CrossRef]

	



Do, Y.K.; Shin, E.; Bautista, M.A.; Foo, K. The associations between self-reported sleep duration and adolescent health outcomes: What is the role of time spent on Internet use? Sleep Med. 2013, 14, 195–200. [Google Scholar] [CrossRef] [PubMed]

	



Pileggi, C.; Lotito, F.; Bianco, A.; Nobile, C.G.; Pavia, M. Relationship between Chronic Short Sleep Duration and Childhood Body Mass Index: A School-Based Cross-Sectional Study. PLoS ONE 2013, 8, e66680. [Google Scholar] [CrossRef]

	



Ji, M.; Tang, A.; Zhang, Y.; Zou, J.; Zhou, G.; Deng, J.; Yang, L.; Li, M.; Chen, J.; Qin, H.; et al. The Relationship between Obesity, Sleep and Physical Activity in Chinese Preschool Children. Int. J. Environ. Res. Public Health 2018, 15, 527. [Google Scholar] [CrossRef] [PubMed]

	



Pengpid, S.; Peltzer, K. Prevalence of overweight/obesity and central obesity and its associated factors among a sample of university students in India. Obes. Res. Clin. Pract. 2014, 8, e558–e570. [Google Scholar] [CrossRef]

	



Miguez, M.J.; Bueno, D.; Perez, C. Disparities in Sleep Health among Adolescents: The Role of Sex, Age, and Migration. Sleep Disord. 2020, 2020, 5316364. [Google Scholar] [CrossRef]

	



Dahlgren, A.; Sjöblom, L.; Eke, H.; Bonn, S.E.; Trolle Lagerros, Y. Screen time and physical activity in children and adolescents aged 10–15 years. PLoS ONE 2021, 16, e0254255. [Google Scholar] [CrossRef]

	



He, F.; Bixler, E.O.; Berg, A.; Imamura Kawasawa, Y.; Vgontzas, A.N.; Fernandez-Mendoza, J.; Yanosky, J.; Liao, D. Habitual sleep variability, not sleep duration, is associated with caloric intake in adolescents. Sleep Med. 2015, 16, 856–861. [Google Scholar] [CrossRef]

	



Chaput, J.P.; Dutil, C. Lack of sleep as a contributor to obesity in adolescents: Impacts on eating and activity behaviors. Int. J. Behav Nutr. Phys. Act. 2016, 13, 103. [Google Scholar] [CrossRef]

	



Chaput, J.P.; St-Onge, M.P. Increased food intake by insufficient sleep in humans: Are we jumping the gun on the hormonal explanation? Front. Endocrinol. 2014, 5, 116. [Google Scholar] [CrossRef]

	



Merikanto, I.; Lahti, T.; Puolijoki, H.; Vanhala, M.; Peltonen, M.; Laatikainen, T.; Vartiainen, E.; Salomaa, V.; Kronholm, E.; Partonen, T. Associations of chronotype and sleep with cardiovascular diseases and type 2 diabetes. Chronobiol. Int. 2013, 30, 470–477. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Sleep variables, as well as sedentary and physical activities, among BMI groups according to sex.






Table 1. Sleep variables, as well as sedentary and physical activities, among BMI groups according to sex.





	
Characteristics

	
Groups

	
BMI Normal Weight n = 452

	
BMI Overweight/Obese n = 411

	
Statistic






	

	

	
n

	
%

	
n

	
%

	
Cochran–Mantel–Haenszel




	
Playing videogames

	
Men

	
120

	
63.5

	
145

	
67.1

	
χ2 = 0.2, p = 0.64




	
Women

	
73

	
27.8

	
54

	
27.7

	
OR = 1.2




	
Total

	
193

	
42.7

	
199

	
48.4

	
95% CI = 0.9–1.6




	
Watching TV daily

	
Men

	
169

	
89.4

	
203

	
94.0

	
χ2 = 0.01, p = 0.89




	
Women

	
247

	
93.9

	
176

	
90.3

	
OR = 1.0




	
Total

	
416

	
92.0

	
379

	
92.2

	
95% CI = 0.6–1.6




	
Internet use

	
Men

	
135

	
71.4

	
165

	
76.4

	
χ2 = 0.1, p = 0.69




	
Women

	
196

	
74.5

	
141

	
72.3

	
OR = 1.0




	
Total

	
331

	
73.2

	
306

	
74.5

	
95% CI = 0.7–1.4




	
Drinking water during night

	
Men

	
93

	
49.2

	
127

	
58.8

	
χ2 = 3.5, p = 0.06




	
Women

	
123

	
46.8

	
99

	
50.8

	
OR = 1.4




	
Total

	
216

	
47.8

	
226

	
55.0

	
95% CI = 0.9–2.1




	
Reading

	
Men

	
71

	
37.6

	
103

	
47.7

	
χ2 = 1.8, p = 0.17




	
Women

	
132

	
50.2

	
98

	
50.3

	
OR = 1.1




	
Total

	
203

	
44.9

	
210

	
51.1

	
95% CI = 0.8–1.5




	
Sports

	
Men

	
142

	
75.1

	
162

	
75.0

	
χ2 = 0.5, p = 0.47




	
Women

	
165

	
62.7

	
83

	
42.6

	
OR = 0.9




	
Total

	
307

	
67.9

	
274

	
66.7

	
95% CI = 0.7–1.2








Note: Numbers in bold show significant statistical difference.
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Table 2. General linear models of the association between hours of sleep, as well as sedentary and physical activities, and obesity in Mexican adolescents.
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Characteristics

	
Groups

	
BMI Normal Weight n = 452

	
BMI Overweight/Obese n = 411

	
Statistic






	

	

	
Mean

	
S.D.

	
Mean

	
S.D.

	
General Linear Model




	
Age

	
Men

	
13.0

	
0.9

	
12.2

	
0.7

	
BMI F = 9.8, p = 0.003




	
Woman

	
13.4

	
1.0

	
12.6

	
0.9

	
Sex F = 1.9, p = 0.17




	
Total

	
13.2

	
0.9

	
12.3

	
0.8

	
BMI × sex F = 0.002, p = 0.96




	
Hours of sleep

	
Men

	
8.3

	
0.7

	
8.6

	
1.3

	
BMI F = 3.6, p = 0.06




	
Woman

	
9.6

	
1.6

	
7.9

	
1.3

	
Sex F = 0.8, p = 0.35




	
Total

	
8.9

	
1.6

	
8.4

	
1.3

	
BMI × sex F = 7.6, p = 0.008




	
Videogames

Hours/day

	
Men

	
1.9

	
1.0

	
1.9

	
0.9

	
BMI F = 1.3, p = 0.24




	
Woman

	
2.3

	
1.2

	
1.6

	
1.1

	
Sex F = 0.02, p = 0.87




	
Total

	
2.1

	
1.1

	
1.8

	
0.9

	
BMI × sex F = 1.5, p = 0.22




	
Videogames

Days/week

	
Men

	
4.2

	
1.9

	
4.2

	
2.1

	
BMI F = 0, p = 0.99




	
Woman

	
3.7

	
2.5

	
3.7

	
2.7

	
Sex F = 0.6, p = 0.42




	
Total

	
4.0

	
2.2

	
4.1

	
2.2

	
BMI × sex F = 0.002, p = 0.96




	
Watching TV

Hours/day

	
Men

	
2.0

	
0.7

	
1.9

	
0.6

	
BMI F = 129.4, p < 0.001




	
Woman

	
2.1

	
0.7

	
2.0

	
0.5

	
Sex F = 0.1, p = 0.74




	
Total

	
2.1

	
0.7

	
1.9

	
0.6

	
BMI × sex F = 0.006, p = 0.94




	
Internet use

Hours p/day

	
Men

	
2.2

	
1.7

	
2.0

	
1.2

	
BMI F = 1.1, p = 0.28




	
Woman

	
2.4

	
1.5

	
3.7

	
3.1

	
Sex F = 4.0, p = 0.05




	
Total

	
2.3

	
1.6

	
2.4

	
2.0

	
BMI × sex F = 2.1, p = 0.14




	
Internet use

Days/week

	
Men

	
4.6

	
2.4

	
5.2

	
2.4

	
BMI F = 0.5, p = 0.47




	
Woman

	
5.4

	
2.0

	
5.7

	
2.1

	
Sex F = 0.8, p = 0.35




	
Total

	
5.0

	
2.2

	
5.4

	
2.3

	
BMI × sex F = 0.05, p = 0.82




	
Reading

Hours/day

	
Men

	
1.1

	
0.5

	
1.4

	
1.0

	
BMI F = 0.04, p = 0.83




	
Woman

	
1.5

	
0.8

	
1.3

	
0.5

	
Sex F = 0.6, p = 0.41




	
Total

	
1.3

	
0.7

	
1.4

	
0.9

	
BMI × sex F = 1.1, p = 0.29




	
Sports

Hours/day

	
Men

	
2.4

	
1.3

	
2.6

	
1.4

	
BMI F = 0.2, p = 0.62




	
Woman

	
2.0

	
1.0

	
2.1

	
1.2

	
Sex F = 1.9, p = 0.17




	
Total

	
2.2

	
1.2

	
2.5

	
1.3

	
BMI × sex F = 0.01, p = 0.91




	
Sports

Days/week

Sports

	
Men

	
4.7

	
2.0

	
3.6

	
2.1

	
BMI F = 0.5, p = 0.46




	
Woman

	
2.8

	
2.3

	
3.1

	
1.1

	
Sex F = 4.2, p = 0.04




	
Total

	
3.8

	
2.3

	
3.4

	
1.9

	
BMI × sex F = 1.4, p = 0.23








Note: Numbers in bold show significant statistical difference.
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