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Abstract

:

Given the evidence on how stress affects weight status in children, this research examined this association among Greek students aged 10–12 years old. Overall, 1452 children and their parents from several urban areas participated in an observational study conducted during the period 2014–2016. Participants completed validated questionnaires. International Obesity Task Force guidelines were used for children’s weight status classification. Descriptive statistics and nested logistic regression models were used. Multivariate correspondence analysis was also used to construct a score to evaluate the children’s stress levels. The overall prevalence of overweight/obesity was 27%. More than 80% of the children appeared to have a medium or high level of stress, mainly due to the school environment. School-related stress increased the odds of obesity in children. The association between stress and overweight/obesity status showed a consistent trend (adjusted odds ratios varied from 1.44 to 1.52, p-values < 0.01). Children’s weight status was associated with several school-related stressors. Although the school environment may play an aggravating role in the weight status of children, family plays a catalyst role in this direction. Therefore, actions have to be promoted in the school community so that children become more health literate on a public health level.
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1. Introduction


In recent years, obesity has become a multifactorial and serious issue for public health [1]. Over the past five decades, obesity rates have rapidly increased by more than half worldwide and have affected both adults and children [2]. Greece is among the European countries with the highest rates of overweight and obesity in children [3]. In particular, in our country, the prevalence of overweight/obesity is 31.2% in boys and 29.1% in girls [3,4]. Factors considered serious for obesity comprise multifaceted genetics and biological, socioeconomic, environmental, or behavioral bases [5].



A major reason why obesity rates are rising rapidly in adults is the fact that people’s lifestyles have changed dramatically in recent decades. Today, people spend many hours sedentary and immobile, usually due to work, while meals with a high-calorie content are very easily consumed due to different eating habits [6]. Sometimes, everyday life situations affect not only adults but their children as well [7]. Parents have the primary role in promoting health and setting healthy dietary patterns and habits for their children [8]. Children may be led to consuming large portions of food through parental pressure even if they are not hungry [9,10]. Moreover, parents may provide non-healthy foods to reward their children’s behavior, and this may help them to adopt unhealthy dietary habits [11] and increase the risk of overweight/obesity.



Among other causal factors (such as genetic, behavioral, environmental, and socioeconomic) that have been identified in obesity, a very important one is the psychosocial aspect. Recently, studies have contained evidence that psychosocial stress is linked to obesity [12,13]. In particular, dietary habits such as increased food intake, food high in calories, or reduced consumption of low-calorie diets are linked to stress, and this may deleteriously impact weight and health status by increasing body adiposity [14,15,16]. Moreover, stress could determine children’s negative behaviors about their body and weight, leading to eating disorders such as binge eating disorder, bulimia or anorexia nervosa (through excessive worry about controlling their weight); the first one could be difficult to diagnose in childhood [17]. Such eating disorders may have consequences on children’s gain weight and obesity. Furthermore, children and adolescents face many demands related to their family, school, and conflicts with parents, siblings, friends, and classmates on a daily basis. All the above contribute to adolescents’ feelings of strain and stress [18]. Additionally, children’s food choices are influenced by TV and social networks, while video and online games dissociate them from outdoor and interactive activities [19].



There are various pathways through which stress is connected to obesity [20]. Stress can destabilize cognitive self-regulation processes that are responsible for food choices. Failures in inhibitory control can lead to stress-eating behaviors such as emotional eating, i.e., eating as a coping mechanism to soothe negative emotions, which has been blamed for weight gain [21]. Stress has also been found to be linked to reduced physical activity [22] and various adolescent health behaviors [23], increasing the risk for obesity. The recent evidence on how stress affects weight status in children is scarce and not well studied, and there is a gap of knowledge regarding this age group in our country. Thus, the purpose of the present study was to assess the association between stress and weight status through several characteristics in a representative sample of Greek children aged 10–12.




2. Materials and Methods


2.1. Design and Setting


This is an observational, school-based, cross-sectional study. From five cities of Greece, 47 schools were included in the research (i.e., 32 from the Athens metropolitan area, 5 schools from Heraklion, and 10 schools from the Peloponnese peninsula as described elsewhere [24]). Schools were randomly selected through a stratified random sampling procedure using a list of schools provided by the Greek Ministry of Education.




2.2. Sampling Procedure


Children from the 5th and 6th grades of primary school were eligible to participate in this research. The school years 2014–2015 and 2015–2016 were enrolled in the study, totaling 1728 participants between 10 and 12 years old. From school to school, the participation rate varied between 95% and 100%. For the purposes of this study, only children who completed the questions about the sources of stress were included. No difference was observed in the basic characteristics between children not included in the study’s sample and those included [24].




2.3. Measurements


A specially developed questionnaire containing various items was completed anonymously by the children. The questionnaire retrieved information about demographic characteristics (i.e., place of residence, sex, age), several other characteristics such as eating habits using the semi-quantitative Food Frequency Questionnaire [25], physical activity (using Lifestyle Questionnaire (PALQ) [26]), and stress management.



Given that the Mediterranean diet is largely followed by the Greek child population, the assessment of children’s adherence to the Mediterranean diet was conducted through use of the Mediterranean Diet Quality Index (KIDMED score) for children [27] as described elsewhere [28]. This is a standard, validated and widely used tool to evaluate adherence to the Mediterranean Diet for children and youths.



Children’s stress was assessed through self-report questions, which reflected five sources of stress: the stress of home life, the stress of teacher interaction, the stress of school performance, the stress of school/leisure conflict, and the stress of peer pressure, based on the Adolescent Stress Questionnaire (ASQ) [29] translated and evaluated in several countries, including Greece [30]. Only five questions from the ASQ were used as they are the only ones adequate for the studied age group to assess stress-related emotions. In addition, a single latent variable was created through multivariate correspondence analysis (MCA) on the aforementioned stress-related questions and it was then transformed through standardization in the more conceptual range of 0–100, with lower values indicating lower stress. The theoretical score’s range tertiles (0–100) were also calculated, denoting “low” (i.e., range ≤ 33/100), “moderate” (34–66/100), and “high” (≥67/100) stress levels.



Specially trained health scientists/investigators (i.e., dietitians, registered nurses, physicians) took the necessary anthropometric measurements of children (height and weight in cm and kg, respectively) using a tape measure and a scale (with skin-tight clothing, to minimize measurement errors) and performed a face-to-face interview with them, which lasted a maximum of 10–15 min. Children’s body mass index (BMI) was calculated as the ratio of kilograms/(height in cm)2 and the weight status was classified as either with normal weight or with overweight/obesity according to the International Obesity Task Force (IOTF) BMI cut-off criteria [31].



Furthermore, several parental sociodemographic characteristics, marital status, and educational level were recorded by the children’s parents. For marital status, two categories were used: nuclear families (i.e., a pair of married or unmarried adults and their dependent children) and single-parent families. For more information on the parental characteristics, the interested reader is referred to [32].




2.4. Statistical Power Analysis


The sample used in this study was adequate for the evaluation of minimum detectable standardized, two-sided differences of 20% on the prevalence of overweight/obesity, with 85% statistical power at a 5% significance level [24].




2.5. Bioethics


Before starting the study, approval was requested from the appropriate department of the Ministry of Education and Religious Affairs (code of approval F15/396/72005/C1 by the Institute of Educational Policy) and was carried out following the principles of the Declaration of Helsinki. The investigators informed all people who were involved about the aims and procedures of the research. The students participated in the study after the written consent of their parents.




2.6. Statistical Analysis


Mean and standard deviation (SD) were used for continuous variables, while absolute and relative frequencies (percentages) were used for categorical variables. The effect of stress on the children’s weight status was assessed through six nested logistic regression models by using BMI categories as the response variable. Specifically, the variables about children with normal weight vs. children with overweight/obesity were used as the dependent variable and the coded stress factor as the independent variable, adjusting for several confounders, i.e., age, sex, KIDMED score, type of family structure, type of residence, and parental educational level. Odds ratio (OR) and 95% confidence intervals (CI) were used to present all logistic regression results. MCA was used to reveal a single latent variable that assesses stress. This is a statistical technique for handling categorical data often encountered in biomedical research, among others [33]. The significance level was set at 5% and all statistical tests were two-sided. Analyses were conducted through statistical program Stata 14.0 (M. Psarros & Assoc., Sparti, Greece).





3. Results


3.1. Prevalence of Overweight/Obesity


In total, 1452 children, of whom 668 were boys, participated in the study. Their mean age was 11.24 ± 0.77 years old. The overall prevalence of overweight was 22.3% and of obesity was 4.7%. Sex-specific analysis revealed that 31.1% of boys and 23.5% of girls were categorized in the group of children with overweight/obesity (p = 0.001 for sex difference).



Children’s sociodemographic characteristics and lifestyle habits by body weight status are presented in Table 1. A significant association of body weight with sex (p = 0.001), engagement in physical activities (p = 0.002), parental educational level (p = 0.004 for mothers and p = 0.010 for fathers), and residence (p = 0.011) was revealed. Specifically, boys were more likely to have overweight/obesity compared to girls; children engaged in physical activities were less likely to have overweight/obesity compared to those who followed sedentary behaviors; children whose parents were higher educated were less likely to have overweight/obesity compared to those whose parents had basic/secondary education; and children from Athens were less likely to have overweight/obesity compared to children from other areas of Greece. No significant differences were observed between children’s eating habits and overweight/obesity status. Moreover, children with overweight/obesity had significantly higher adherence to the Mediterranean diet than children with normal weight.




3.2. Distribution of Stress Score among Children


The mean value of the stress score variable was 58.68/100 ± 27.48; sex-specific analysis showed that the mean stress score value was 60.38/100 ± 27.81 for boys and 57.23/100 ± 27.13 for girls (p = 0.029). Further analysis by the source of stress revealed that stress related to school performance and stress related to school activities/leisure conflict was more likely to be present among girls than boys (p < 0.001 and p = 0.029), respectively. No difference was found regarding the other three sources of stress.




3.3. Children’s Weight Status and Its Association with Stress


Children with overweight/obesity had significantly higher mean stress score than children with normal weight (62.42 vs. 57.30, p = 0.002). In Table 2, the crude associations between the five sources of stress studied here and children’s weight status are presented. Children reporting stress due to teacher interaction were 44.1% more likely to have overweight/obesity compared to those who were not stressed (OR (95% CI): 1.44 (1.14, 1.89), p = 0.002). Similarly, children reporting stress related to school performance were 32.2% more likely to have overweight/obesity compared to those who were not stressed (OR (95% CI): 1.32 (1.04, 1.67), p = 0.020). Children showing stress related to school/leisure conflict were 28.9% more likely to have overweight/obesity compared to those who were not stressed (OR (95% CI): 1.29 (1.02, 1.64), p = 0.036). Sex-specific analysis revealed that girls reporting stress related to teacher interaction were 62.6% more likely to have overweight/obesity compared to those who were not stressed (OR (95% CI): 1.44 (1.16, 2.29), p = 0.005).




3.4. Association among Children’s Sociodemographic Characteristics, Lifestyle Habits, and Stress


Children from single-parent families had a higher mean stress score compared to those of nuclear families (61.09 vs. 54.67, p = 0.021), as shown in Table 2. Moreover, children from nuclear families who were stressed by their teachers were 36.4% more likely to have overweight/obesity than those who were not stressed (OR (95% CI): 1.36 (1.00, 1.86), p = 0.048), whereas no significant association was found for children from single-parent families (OR (95% CI): 0.80 (0.33, 1.95), p = 0.620).



In Table 3, children’s sociodemographic characteristics and lifestyle habits by stress level are presented. An association between stress and children’s sex (p = 0.010), place of residence (p < 0.001), and family marital status (p = 0.015) was revealed. Specifically, the exploratory analysis revealed that children from single-parent families were more stressed compared to children from nuclear families; children living in urban or rural cities were also more stressed compared to children living in the Athens metropolitan area.




3.5. Association between Stress Factor and Children’s Weight Status


However, residual confounding may exist due to the observational nature of the present study. In Table 4, the results from nested logistic regression models evaluating the association between stress and children’s weight status, after taking into consideration various children’s characteristics, are presented. In total, six models were estimated. As can be drawn from model 1, children with a high stress score were 51.7% more likely to have overweight/obesity compared to children with low-stress score (OR (95% CI): 1.52 (1.09–2.12), p < 0.05). No such association was revealed when comparing children with a moderate stress score to those with a low stress score. This association between stress score and weight status remained significant irrespective of sex, age, physical activity level of children, and KIDMED score (models 2, 3, and 4). However, when the parental educational level was taken into account (model 5), it was observed that stress score was not associated with children’s weight status, irrespective of all other factors included in model 5. This was also the case when the family structure and the place of residence were included in the final model (model 6). The association between stress and children’s weight status by sex is presented in Figure 1. A positive association was found only in girls (models 1 to 4).





4. Discussion


The present observational study investigates the effect of stress on the weight status of children aged 10 to 12 years living in Greece, after adjustment for several demographic and sociodemographic characteristics. More than half of the children appeared to have a medium or high level of stress, which is associated with the school environment. Various sociodemographic characteristics, as well as daily habits, were found to be significantly related to the weight status and stress of children. However, the most important finding is that school-related stress is positively associated with obesity in children.



The pathophysiological relationship between stress and obesity is indicated by literature evidence through several biological and behavioral pathways [34,35,36,37,38]. Indirectly, stress is also considered to determine health outcomes by changing a person’s activity with particular behaviors. For example, children’s eating habits may be influenced by a stressor that may finally lead to abnormal health behaviors, such as harmful dietary habits [39]. Children may adopt behavioral habits in response to exposure to stress, which are adaptive in the short term but harmful in the long term, such as eating comfort foods to reduce stress [12]. A cross-sectional study of 4320 school-aged children showed that higher levels of self-reported stress were associated with obesogenic eating behaviors (low consumption of fruits and vegetables, high consumption of high-fat foods, snacks, etc.) [40]. Emotional eating is a mechanism that many people use to cope with stressful events [41]. Moreover, behaviors such as abnormal eating may lead to eating disorders as a consequence, which may also increase the risk of obesity. However, sometimes the association between eating disorders and obesity appears to be bidirectional [42]. Furthermore, chronic family-level stress can also affect children’s levels of physical activity and obesity risk. As revealed by a cross-sectional study including 110 parent–child pairs, high levels of parenting stress were associated with less physical activity and fewer limits on time spent watching television among preschool-aged children [43].



Our analysis showed that school-related stress is positively associated with obesity in children. This is in line with the results of previous studies which revealed that school stress was significantly related to body fat [44,45]. School-related stress was more likely to be present among girls than boys. This result is consistent with that of a study on 545 Swedish students aged 14–16 [46]. This is rational as girls are usually more diligent and have a higher level of engagement at school [47] and perhaps this stresses them more than boys. Multivariate analysis revealed a constant positive association between stress and weight status when children’s characteristics (age, sex, physical activity, and adherence to the Mediterranean dietary pattern) were taken into account. This association ceased to be significant, when the sociodemographic characteristics of the parents were taken into account. It seems that the educational level of parents plays a crucial role both in terms of the weight status of children, through dietary choices, and the management of children’s stress. Low parental educational level is a high-risk factor for childhood obesity, possibly due to different cultural and social standards between parents of higher education and parents of lower educational levels [48]. A recent study of 2998 children aged 3–18 examining the relationship between parental SES and health parameters in German children and adolescents found an association between higher SES, lower BMI and healthier nutrition [49].



According to stress theory, changes in family structure often induce stress in a child’s life by reducing healthy eating, exercise, parental supervision, sleep routines, and emotional support, impacting their BMI and weight [50,51,52]. Compared to single-parent families, children of a younger age than our sample in nuclear households may have lower BMIs due to reduced stress levels and better emotional support and self-esteem [52]. Single parents are more likely to experience a lack of quality time with their children, due to work, and as a result, they may pay less attention to their children’s dietary choices, meal preparation, and mealtimes, allowing them to eat high-energy foods [51,53]. Furthermore, single parents may have less time to play with their children or to encourage them to engage in physical activities [51]. Due to a lack of time and resources, parents might adopt more convenient routines for their children, such as turning on the TV and allowing them to play video games, which could result in higher obesity rates [54]. Nowadays, this lifestyle is still followed. Moreover, concerning school, pupils at upper-social status schools might exhibit more unfavorable attitudes regarding obesity, probably either as a consequence of parental role modeling, which is usually characterized by dieting and healthy weight control practices, or even because of their commonly unrealistic body image standards, based on social media sites and platforms [48].



An impressive result of our study is that children do not consider their relationship with peers a source of stress. Usually, children with excess weight experience obesity stigma and a pressure to conform to another image of their body, and this perhaps increases stress in relationships with their classmates [55]. However, there is also the opposite view that peers motivate children with overweight/obesity to be more physically active [56].



It seems that children’s stress derives mainly from the school environment. It is generally accepted that school-based stress has an impact on social life, which is particularly demanding and competitive, and children often can hardly adapt to the school environment or cope with school demands and negative social experiences. Health education, including nutrition and exercise education, may be the most significant step against obesity. It could assist young people in improving their health status and making reasonable decisions about their personal health and psychosocial well-being by constructing values and beliefs that promote healthy lifestyles (e.g., participation in extracurricular activities). In order for such a campaign to have positive outcomes, school health education needs to collaboratively include parents or caregivers, teachers, and school counsellors who will work together in order to support this school action.



Given the cross-sectional design of our study, several limitations should be considered when interpreting the reported results. Mainly due to the observational study type, no temporal relationship and, hence, causal inferences can be made. Based also on the fact that contextual variables were used in the models, bias due to ecological fallacy may exist, and therefore, an association observed at the population level may not apply at the individual level. Moreover, the sample originated only from a small proportion of Greek areas. Thus, the generalizability of the findings is limited to the specific population of Greek children aged 10–12 years old. However, the representativeness of the study could be considered high given that the participating areas have similar characteristics with all other Greek areas, the study sample was large and a stratified random sampling scheme at the school level was used. Only five questions of the ASQ items were used here, as these were the only ones that fit for the studied age group; however, this short version has not been validated. Another limitation of the present study could be reporting bias during the completion of the questionnaire by the children in the school setting. However, to reduce this type of bias and increase the validity of the given responses, trained investigators were present throughout the whole procedure of completing the questionnaire in schools to address any potential misconceptions.




5. Conclusions


Our study supports that stress and, more specifically, school-based stress has a significant role in the weight status of children aged 10 to 12 years old. Parents’ educational level plays a significant role in both children’s weight status and stress. Children living in a nuclear family seem to be less stressed compared to those from single-parent families. Finally, additional research is required to further evaluate the effect of stress on children’s weight status and the role of the family environment.







Author Contributions


Conceptualization, A.K. and D.B.P.; methodology, A.K., V.N., G.A. and D.B.P.; formal analysis, A.K. and D.B.P.; investigation, A.K., V.N., E.N.K., G.A. and A.P.R.-G.; data curation, G.A; writing—original draft preparation, A.K.; writing—review and editing, C.V., E.N.K., V.N., A.P.R.-G., A.L., M.Y. and D.B.P.; visualization, A.K. and D.B.P.; supervision, D.B.P. All authors have 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 Institute of Educational Policy of the Ministry of Education and Religious Affairs (code of approval F15/396/72005/C1; the date of approval is 28 May 2013.)




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy and ethical reasons.




Acknowledgments


The authors would like to express their gratitude to school principals and all field investigators for their assistance. They would also like to thank all teachers, students, and parents who participated in the research.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Reilly, J.J. Childhood obesity: An overview. Child. Soc. 2007, 21, 390–396. [Google Scholar] [CrossRef]

	



World Health Organization. Obesity and Overweight, Fact Sheet. Available online: http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 29 April 2022).

	



Tambalis, K.D.; Panagiotakos, D.B.; Kavouras, S.A.; Kallistratos, A.A.; Moraiti, I.P.; Douvis, S.J.; Toutouzas, P.K.; Sidossis, L.S. Eleven-year prevalence trends of obesity in Greek children: First evidence that prevalence of obesity is leveling off. Obesity 2010, 18, 161–166. [Google Scholar] [CrossRef] [PubMed]

	



Tambalis, K.D.; Panagiotakos, D.B.; Psarra, G.; Sidossis, L. Current data in Greek children indicate decreasing trends of obesity in the transition from childhood to adolescence; results from the National Action for Children’s Health (EYZHN) program. J. Prev. Med. Hyg. 2018, 59, E36. [Google Scholar] [CrossRef]

	



Flegal, K.M.; Graubard, B.I.; Williamson, D.F.; Gail, M.H. Cause-specific excess deaths associated with underweight, overweight, and obesity. JAMA 2007, 298, 2028–2037. [Google Scholar] [CrossRef]

	



Panahi, S.; Tremblay, A. Sedentariness and health: Is sedentary behavior more than just physical inactivity? Front. Public Health 2018, 6, 258. [Google Scholar] [CrossRef] [PubMed]

	



Parks, E.P.; Kumanyika, S.; Moore, R.H.; Stettler, N.; Wrotniak, B.H.; Kazak, A. Influence of stress in parents on child obesity and related behaviors. Pediatrics 2012, 130, e1096–e1104. [Google Scholar] [CrossRef] [PubMed]

	



Case, A.; Paxson, C. Parental behavior and child health. Health Aff. 2002, 21, 164–178. [Google Scholar] [CrossRef]

	



Scaglioni, S.; Salvioni, M.; Galimberti, C. Influence of parental attitudes in the development of children eating behaviour. Br. J. Nutr. 2008, 99, S22–S25. [Google Scholar] [CrossRef]

	



Birch, L.L.; Fisher, J.O.; Grimm-Thomas, K.; Markey, C.N.; Sawyer, R.; Johnson, S.L. Confirmatory factor analysis of the Child Feeding Questionnaire: A measure of parental attitudes, beliefs and practices about child feeding and obesity proneness. Appetite 2001, 36, 201–210. [Google Scholar] [CrossRef]

	



Savage, J.S.; Fisher, J.O.; Birch, L.L. Parental influence on eating behavior: Conception to adolescence. J. Law Med. Ethics. 2007, 35, 22–34. [Google Scholar] [CrossRef]

	



Miller, A.L.; Lumeng, J.C. Pathways of association from stress to obesity in early childhood. Obesity 2018, 26, 1117–1124. [Google Scholar] [CrossRef] [PubMed]

	



Van der Valk, E.S.; Savas, M.; van Rossum, E.F. Stress and obesity: Are there more susceptible individuals? Curr. Obes. Rep. 2018, 7, 193–203. [Google Scholar] [CrossRef] [PubMed]

	



O’Connor, D.B.; O’Connor, R.C. Perceived changes in food intake in response to stress: The role of conscientiousness. Stress Health 2004, 20, 279–291. [Google Scholar] [CrossRef]

	



Steptoe, A.; Wardle, J. Cardiovascular stress responsivity, body mass and abdominal adiposity. Int. J. Obes. 2005, 29, 1329–1337. [Google Scholar] [CrossRef] [PubMed]

	



Tryon, M.S.; Carter, C.S.; De Cant, R.; Laugero, K.D. Chronic stress exposure may affect the brain’s response to high calorie food cues and predispose to obesogenic eating habits. Physiol. Behav. 2013, 120, 233–242. [Google Scholar] [CrossRef]

	



Latzer, Y.; Stein, D. A review of the psychological and familial perspectives of childhood obesity. J. Eat. Disord. 2013, 1, 1–13. [Google Scholar] [CrossRef]

	



Thomas, P.A.; Liu, H.; Umberson, D. Family relationships and well-being. Innov. Aging. 2017, 1, igx025. [Google Scholar] [CrossRef]

	



Nga, V.T.; Dung, V.N.T.; Chu, D.T.; Tien, N.L.B.; Van Thanh, V.; Ngoc, V.T.N.; Phuong, N.T.; Pham, V.H.; Tao, Y.; Linh, N.P.; et al. School education and childhood obesity: A systemic review. Diabetes Metab. Syndr. Clin. Res. Rev. 2019, 13, 2495–2501. [Google Scholar] [CrossRef]

	



Tomiyama, A.J. Stress and obesity. Annu. Rev. Psychol. 2019, 70, 703–718. [Google Scholar] [CrossRef]

	



Frayn, M.; Knäuper, B. Emotional Eating and Weight in Adults: A Review. Curr. Psychol. 2018, 37, 924–933. [Google Scholar] [CrossRef]

	



Stults-Kolehmainen, M.A.; Sinha, R. The effects of stress on physical activity and exercise. Sports Med. 2014, 44, 81–121. [Google Scholar] [CrossRef] [PubMed]

	



Rojo, M.; Solano, S.; Lacruz, T.; Baile, J.I.; Blanco, M.; Graell, M.; Sepúlveda, A.R. Linking psychosocial stress events, psychological disorders and childhood obesity. Children 2021, 8, 211. [Google Scholar] [CrossRef] [PubMed]

	



Kanellopoulou, A.; Notara, V.; Antonogeorgos, G.; Chrissini, M.; Rojas-Gil, A.P.; Kornilaki, E.N.; Lagiou, A.; Panagiotakos, D.B. Inverse association between health literacy and obesity among children in Greece: A school-based, cross-sectional epidemiological study. Health Educ. Behav. 2022, 49, 54–65. [Google Scholar] [CrossRef] [PubMed]

	



Antonogeorgos, G.; Grigoropoulou, D.; Papadimitriou, A.; Priftis, K.; Anthracopoulos, M.; Nikolaidou, P.; Panagiotakos, D. Validation of a food frequency questionnaire designed for children 10–12 years: The PANACEA-FFQ. Perioper Nurs. 2013, 2, 40–54. [Google Scholar]

	



Argiropoulou, E.C.; Michalopoulou, M.; Aggeloussis, N.; Avgerinos, A. Validity and reliability of physical activity measures in Greek high school age children. J. Sports Sci. Med. 2004, 3, 147. [Google Scholar] [PubMed]

	



Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R.M.; García, A.; Pérez-Rodrigo, C.; Aranceta, J. Food, youth and the Mediterranean diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in children and adolescents. Public Health Nutr. 2004, 7, 931–935. [Google Scholar] [CrossRef]

	



Kanellopoulou, A.; Giannakopoulou, S.P.; Notara, V.; Antonogeorgos, G.; Rojas-Gil, A.P.; Kornilaki, E.N.; Konstantinou, E.; Lagiou, A.; Panagiotakos, D.B. The association between adherence to the Mediterranean diet and childhood obesity; the role of family structure: Results from an epidemiological study in 1728 Greek students. Nutr. Health 2021, 27, 39–47. [Google Scholar] [CrossRef]

	



Byrne, D.G.; Davenport, S.C.; Mazanov, J. Profiles of adolescent stress: The development of the adolescent stress questionnaire (ASQ). J. Adolesc. 2007, 30, 393–416. [Google Scholar] [CrossRef]

	



Darviri, C.; Legaki, P.E.; Chatzioannidou, P.; Gnardellis, C.; Kraniotou, C.; Tigani, X.; Alexopoulos, E.C. Adolescent Stress Questionnaire: Reliability and validity of the Greek version and its description in a sample of high school (lyceum) students. J. Adolesc. 2014, 37, 1373–1377. [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. Br. Med. J. 2000, 320, 1240. [Google Scholar] [CrossRef]

	



Kanellopoulou, A.; Antonogeorgos, G.; Kokkou, S.; Notara, V.; Rojas-Gil, A.P.; Kornilaki, E.N.; Lagiou, A.; Kosti, R.I.; Panagiotakos, D.B. Assessing the association between breastfeeding, type of childbirth and family structure with childhood obesity: Results from an observational study among 10–12 years old children. Int. J. Food Sci. Nutr. 2022, 73, 522–530. [Google Scholar] [CrossRef] [PubMed]

	



Greenacre, M.; Blasius, J. Multiple Correspondence Analysis and Related Methods, 1st ed.; Chapman and Hall/CRC: New York, NY, USA, 2006. [Google Scholar] [CrossRef]

	



Jeanrenaud, B.; Rohner-Jeanrenaud, F. Effects of neuropeptides and leptin on nutrient partitioning: Dysregulations in obesity. Annu. Rev. Med. 2001, 52, 339–351. [Google Scholar] [CrossRef] [PubMed]

	



Miller, A.L.; Lee, H.J.; Lumeng, J.C. Obesity-associated biomarkers and executive function in children. Pediatr. Res. 2015, 77, 143–147. [Google Scholar] [CrossRef] [PubMed]

	



Miller, A.L.; Rosenblum, K.L.; Retzloff, L.B.; Lumeng, J.C. Observed selfregulation is associated with weight in low-income toddlers. Appetite 2016, 105, 705–712. [Google Scholar] [CrossRef]

	



Riggs, N.R.; Spruijt-Metz, D.; Chou, C.P.; Pentz, M.A. Relationships between executive cognitive function and lifetime substance use and obesity-related behaviors in fourth grade youth. Child Neuropsychol. 2012, 18, 1–11. [Google Scholar] [CrossRef]

	



Tomiyama, A.J.; Schamarek, I.; Lustig, R.H.; Kirschbaum, C.; Puterman, E.; Havel, P.J.; Epel, E.S. Leptin concentrations in response to acute stress predict subsequent intake of comfort foods. Physiol. Behav. 2012, 107, 34–39. [Google Scholar] [CrossRef]

	



Hill, D.C.; Moss, R.H.; Sykes-Muskett, B.; Conner, M.; O’Connor, D.B. Stress and eating behaviors in children and adolescents: Systematic review and meta-analysis. Appetite 2018, 123, 14–22. [Google Scholar] [CrossRef]

	



Cartwright, M.; Wardle, J.; Steggles, N.; Simon, A.E.; Croker, H.; Jarvis, M.J. Stress and dietary practices in adolescents. Health Psychol. 2003, 22, 362. [Google Scholar] [CrossRef]

	



Scott, C.; Johnstone, A.M. Stress and eating behaviour: Implications for obesity. Obes. Facts. 2012, 5, 277–287. [Google Scholar] [CrossRef]

	



Sepúlveda, A.R.; Lacruz, T.; Solano, S.; Blanco, M.; Moreno, A.; Rojo, M.; Beltrán, L.; Graell, M. Identifying Loss of Control Eating within Childhood Obesity: The Importance of Family Environment and Child Psychological Distress. Children 2020, 7, 225. [Google Scholar] [CrossRef]

	



Walton, K.; Simpson, J.R.; Darlington, G.; Haines, J. Parenting stress: A cross-sectional analysis of associations with childhood obesity, physical activity, and TV viewing. BMC Pediatr. 2014, 14, 244. [Google Scholar] [CrossRef] [PubMed]

	



Donoho, C.J.; Weigensberg, M.J.; Emken, B.A.; Hsu, J.W.; Spruijt-Metz, D. Stress and abdominal fat: Preliminary evidence of moderation by the cortisol awakening response in Hispanic peripubertal girls. Obesity 2011, 19, 946–952. [Google Scholar] [CrossRef]

	



Gerber, M.; Endes, K.; Herrmann, C.; Colledge, F.; Brand, S.; Donath, L.; Faude, O.; Pühse, U.; Hanssen, H.; Zahner, L. Fitness, Stress, and Body Composition in Primary Schoolchildren. Med. Sci. Sports Exerc. 2017, 49, 581–587. [Google Scholar] [CrossRef] [PubMed]

	



Östberg, V.; Almquist, Y.B.; Folkesson, L.; Låftman, S.B.; Modin, B.; Lindfors, P.G. The complexity of stress in mid-adolescent girls and boys. Child Indic. Res. 2015, 8, 403–423. [Google Scholar] [CrossRef]

	



Lam, S.F.; Jimerson, S.; Kikas, E.; Cefai, C.; Veiga, F.H.; Nelson, B.; Hatzichristou, C.; Polychroni, F.; Basnett, J.; Duck, R.; et al. Do girls and boys perceive themselves as equally engaged in school? The results of an international study from 12 countries. J. Sch. Psych. 2012, 50, 77–94. [Google Scholar] [CrossRef]

	



Lamerz, A.; Kuepper-Nybelen, J.; Wehle, C.; Bruning, N.; Trost-Brinkhues, G.; Brenner, H.; Herpertz-Dahlmann, B. Social class, parental education, and obesity prevalence in a study of six-year-old children in Germany. Int. J. Obes. 2005, 29, 373–380. [Google Scholar] [CrossRef]

	



Poulain, T.; Vogel, M.; Sobek, C.; Hilbert, A.; Körner, A.; Kiess, W. Associations between Socio-Economic Status and Child Health: Findings of a Large German Cohort Study. Int. J. Environ. Res. 2019, 16, 677. [Google Scholar] [CrossRef]

	



Hadfield, K.; Amos, M.; Ungar, M.; Gosselin, J.; Ganong, L. Do changes to family structure affect child and family outcomes? A systematic review of the instability hypothesis. J. Fam. Theory Rev. 2018, 10, 87–110. [Google Scholar] [CrossRef]

	



Formisano, A.; Hunsberger, M.; Bammann, K.; Vanaelst, B.; Molnar, D.; Moreno, L.A.; Tornaritis, M.; Veidebaum, T.; Lissner, L.; Barba, G.; et al. Family structure and childhood obesity: Results of the IDEFICS Project. Public Health Nutr. 2014, 17, 2307–2315. [Google Scholar] [CrossRef]

	



Schmeer, K.K. Family structure and obesity in early childhood. Soc. Sci. Res. 2012, 41, 820–832. [Google Scholar] [CrossRef]

	



Miller, D.P.; Chang, J. Parental work schedules and child overweight or obesity: Does family structure matter? J. Marriage Fam. 2015, 77, 1266–1281. [Google Scholar] [CrossRef]

	



Duriancik, D.M.; Goff, C.R. Children of single-parent households are at a higher risk of obesity: A systematic review. J. Child Health Care 2019, 23, 358–369. [Google Scholar] [CrossRef] [PubMed]

	



Kenny, U.; O’Malley-Keighran, M.P.; Molcho, M.; Kelly, C. Peer influences on adolescent body image: Friends or foes? J. Adolesc. Res. 2017, 32, 768–799. [Google Scholar] [CrossRef]

	



Salvy, S.J.; Bowker, J.C.; Germeroth, L.; Barkley, J. Influence of peers and friends on overweight/obese youths’ physical activity. Exerc. Sport Sci. Rev. 2012, 40, 127. [Google Scholar] [CrossRef]








[image: Children 09 01066 g001 550] 





Figure 1. The association between stress and children’s weight status category (overweight/obese vs. normal), adjusted by sex. OR, odds ratio; 95% CI, 95% confidence interval; ** p < 0.05;. 
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Table 1. Children’s sociodemographic characteristics and lifestyle habits, by body weight status.






Table 1. Children’s sociodemographic characteristics and lifestyle habits, by body weight status.





	
Children’s Characteristics

	
Overall

(n = 1452)

	
Normal Weight ** (n = 1060)

	
Overweight and Obese ** (n = 392)

	
p *






	
Age

	
11.24 (0.77)

	
11.26 (0.78)

	
11.17 (0.76)

	
0.060




	
Sex

	

	

	

	




	
Boys

	
668 (46.0%)

	
460 (43.4%)

	
208 (53.1%)

	
0.001




	
Girls

	
784 (54.0%)

	
600 (56.6%)

	
184 (46.9%)




	
Physical activity (yes)

	
1073 (79.1%)

	
802 (81.2%)

	
271 (73.6%)

	
0.002




	
KIDMED score †

(−4 to 12)

	
4.65 (2.28)

	
4.74 (2.27)

	
4.43 (2.29)

	
0.023




	
Mother’s educational level

	

	

	

	




	
Basic/secondary

	
526 (53.7%)

	
376 (51.1%)

	
150 (61.7%)

	
0.004




	
Higher

	
453 (46.3%)

	
360 (48.9%)

	
93 (38.3%)




	
Father’s educational level

	

	

	

	




	
Basic/secondary

	
575 (59.0%)

	
415 (56.7%)

	
160 (66.1%)

	
0.010




	
Higher

	
399 (41.0%)

	
317 (43.3%)

	
82 (33.9%)




	
Residence

	

	

	

	




	
Athens

	
970 (68.7%)

	
728 (70.6%)

	
242 (63.5%)

	
0.011




	
Other

	
442 (31.3%)

	
303 (29.4%)

	
139 (36.5%)




	
Marital Status

	

	

	

	




	
Married

	
873 (89.2%)

	
657 (89.4%)

	
216 (88.5%)

	
0.707




	
Non-married

	
106 (10.8%)

	
78 (10.6%)

	
28 (11.5%)




	
PC (hours/weekday)

	

	

	

	




	
≤3

	
1326 (91.3%)

	
967 (97.1%)

	
359 (95.7%)

	
0.210




	
>3

	
45 (3.1%)

	
29 (2.9%)

	
16 (4.3%)




	
TV (hours/weekday)

	

	

	

	




	
≤3

	
1313 (90.4%)

	
970 (95.2%)

	
343 (91.7%)

	
0.013




	
>3

	
80 (5.5%)

	
49 (4.8%)

	
31 (8.3%)




	
PC games (hours/weekday)

	

	

	

	




	
≤3

	
1298 (89.4%)

	
952 (96.4%)

	
346 (93.8%)

	
0.037




	
>3

	
59 (4.1%)

	
36 (3.6%)

	
23 (6.2%)








SD = Standard deviation; IOTF = International obesity task force; BMI = Body mass index; PC = personal computer, TV = television. Children’s eating habits are presented as mean (SD) and categorical variables as frequencies (%), * Level of significance set at p < 0.05; tested via independent samples t-test for eating habits, and chi-square test for all other categorical variables ** Weight status is defined based on BMI cut-offs for adults and on IOTF cut-off criteria for children. † KIDMED score is presented as mean (SD).
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Table 2. The association between sources of children’s stress and weight status.
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Normal Weight ** (n = 1060)

	
Overweight and Obese ** (n = 396)

	
p

	
OR

(95% CI)






	
Home life/family related stress

	
Yes

	
372 (35.1%)

	
132 (33.7%)

	
0.614

	
1.06

(0.84, 1.36)




	
No

	
688 (64.9%)

	
260 (66.3%)




	
Stress related to teachers’ interaction/requirements

	
Yes

	
503 (47.5%)

	
151 (38.5%)

	
0.002

	
1.44

(1.14, 1.89)




	
No

	
557 (52.5%)

	
241 (61.5%)




	
School performance related stress

	
Yes

	
666 (62.8%)

	
220 (56.1%)

	
0.020

	
1.32

(1.04, 1.67)




	
No

	
394 (37.2%)

	
172 (43.9%)




	
Stress related with school activities/leisure conflict

	
Yes

	
468 (44.2%)

	
149 (38.0%)

	
0.036

	
1.29

(1.02, 1.64)




	
No

	
592 (55.8%)

	
243 (62.0%)




	
Peer pressure/classmates related stress

	
Yes

	
160 (15.1%)

	
56 (14.3%)

	
0.701

	
1.07

(0.77, 1.49)




	
No

	
900 (84.9%)

	
336 (85.7%)








OR, odds ratio, adjusted for …; 95% CI, 95% confidence interval; ** p < 0.05; * p < 0.10.
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Table 3. Children’s sociodemographic characteristics and lifestyle habits, by stress factor.
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Stress Score Tertile




	
Children’s Characteristics

	
Low

(n = 269)

	
Medium

(n = 605)

	
High

(n = 578)

	
p *






	
Age

	
11.28 (0.78)

	
11.29 (0.78)

	
11.17 (0.76)

	
0.016




	
Sex

	

	

	

	




	
Boys

	
113 (42.0%)

	
264 (43.6%)

	
291 (50.3%)

	
0.010




	
Girls

	
156 (58.0%)

	
341 (56.4%)

	
287 (49.7%)




	
Physical activity (yes)

	
201 (81.0%)

	
463 (81.1%)

	
409 (76.2%)

	
0.059




	
KIDMED score

(−4 to 12)

	
4.48 (2.26)

	
4.60 (2.23)

	
4.78 (2.32)

	
0.165




	
Mother’s educational level

	

	

	

	




	
Basic/secondary

	
109 (52.9%)

	
249 (54.0%)

	
168 (53.8%)

	
0.855




	
Higher

	
97 (47.1%)

	
212 (46.0%)

	
144 (46.2%)




	
Father’s educational level

	

	

	

	




	
Basic/secondary

	
120 (59.7%)

	
274 (60.1%)

	
181 (57.1%)

	
0.498




	
Higher

	
81 (40.3%)

	
182 (39.9%)

	
136 (42.9%)




	
Residence

	

	

	

	




	
Athens

	
208 (79.7%)

	
461 (78.8%)

	
301 (53.2%)

	
<0.001




	
Other

	
53 (20.3%)

	
124 (21.2%)

	
265 (46.8%)




	
Family marital status

	

	

	

	




	
Married

	
187 (91.7%)

	
417 (90.7%)

	
269 (85.4%)

	
0.015




	
Divorced/separated

	
17 (8.3%)

	
43 (9.3%)

	
46 (14.6%)




	
PC (hours/weekday)

	

	

	

	




	
≤3

	
239 (93.0%)

	
555 (95.4%)

	
519 (93.7%)

	
0.993




	
>3

	
18 (7.0%)

	
27 (4.6%)

	
35 (6.3%)




	
TV (hours/weekday)

	

	

	

	




	
≤3

	
248 (96.1%)

	
546 (96.3%)

	
532 (97.4%)

	
0.262




	
>3

	
10 (3.9%)

	
21 (3.7%)

	
14 (2.6%)




	
PC games (hours/weekday)

	

	

	

	




	
≤3

	
244 (95.3%)

	
551 (96.3%)

	
503 (95.1%)

	
0.699




	
>3

	
12 (4.7%)

	
21 (3.7%)

	
26 (4.9%)








Children’s eating habits are presented as mean (SD) and categorical variables as frequencies (%), * Level of significance set at p < 0.05; tested via independent samples t-test for eating habits, and chi-square test for all other categorical variables. SD = Standard deviation.
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Table 4. Results from nested logistic regression models (OR, 95% CI) that evaluated the association between stress and children’s weight status category (overweight/obese vs. normal), adjusted for several characteristics.
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Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 5

	
Model 6




	
Stress Score Tertile

	

	

	

	

	

	






	
Low

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00




	
Medium

	
1.15

(0.82; 1.62)

	
1.15

(0.82; 1.62)

	
1.18

(0.83; 1.68)

	
1.19

(0.84; 1.70)

	
1.08

(0.72; 1.64)

	
1.03

(0.67; 1.57)




	
High

	
1.51 **

(1.09; 2.12)

	
1.46 **

(1.04; 2.04)

	
1.44 **

(1.02; 2.06)

	
1.47 **

(1.03; 2.10)

	
1.16

(0.75; 1.81)

	
1.11

(0.70; 1.74)




	
Sex (boys vs. girls)

	
-

	
1.44 **

(1.14; 1.82)

	
1.45 **

(1.14; 1.85)

	
1.45 **

(1.14; 1.85)

	
1.70 ***

(1.25; 2.31)

	
1.81 ***

(1.31; 2.49)




	
Age (per 1 year increase)

	
-

	
0.88 *

(0.76; 1.02)

	
0.84 **

(0.72; 0.98)

	
0.83 **

(0.71; 0.97)

	
0.80 *

(0.66; 0.98)

	
0.82 *

(0.67; 0.99)




	
Physical activity (yes vs. no)

	
-

	
-

	
0.62 **

(0.47; 0.83)

	
0.64 **

(0.48; 0.85)

	
0.63 **

(0.44; 0.92)

	
0.61 **

(0.41; 0.88)




	
KIDMED score

(per 1 unit increase)

	

	

	

	
0.95 **

(0.90; 0.99)

	
0.96

(0.90; 1.03)

	
0.95

(0.89; 1.02)




	
Mother’s educational level

(higher vs. basic/secondary)

	
-

	
-

	
-

	
-

	
0.72

(0.51; 1.02)

	
0.73

(0.51; 1.05)




	
Father’s educational level

(higher vs. basic/secondary)

	
-

	
-

	
-

	
-

	
0.78

(0.55; 1.11)

	
0.72

(0.51; 1.05




	
Family structure

(nuclear vs. single-parent)

	
-

	
-

	
-

	
-

	
-

	
1.08

(0.64; 1.84)




	
Residence (Athens vs. other)

	
-

	
-

	
-

	
-

	
-

	
0.86

(0.58; 1.28)








OR, odds ratio; 95% CI, 95% confidence interval; *** p < 0.001; ** p < 0.05.
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