

  women-01-00015




women-01-00015







Women 2021, 1(4), 169-180; doi:10.3390/women1040015




Article



The Association between Disordered Eating Behavior and Body Image Biological Maturation and Levels of Adipocytokines in Preadolescent Girls: The Healthy Growth Study



Emilia Vassilopoulou 1[image: Orcid], Vasilios Tsironis 1, Eva Karaglani 2[image: Orcid], Katerina Sarapis 3[image: Orcid], Emmanouela Vasileiadi 2, Christina Mavrogianni 2[image: Orcid], Giorgos Chouliaras 4, Yannis Manios 5,*[image: Orcid] and George Moschonis 3,*[image: Orcid]





1



Department of Nutritional Sciences and Dietetics, International Hellenic University, 57400 Thessaloniki, Greece






2



Department of Nutrition and Dietetics, School of Health Science and Education, Harokopio University, 70 El Venizelou Avenue, 17671 Athens, Greece






3



Department of Dietetics, Nutrition and Sport, School of Allied Health, Human Services and Sport, La Trobe University, Melbourne 3086, Australia






4



2nd Department of Pediatrics, National and Kapodistrian University of Athens, 15772 Athens, Greece






5



Hellenic Mediterranean University Research Centre, Institute of Agri-Food and Life Sciences, 71410 Heraklion, Greece









*



Correspondence: manios@hua.gr (Y.M.); g.moschonis@latrobe.edu.au (G.M.); Tel.: +30-210-9549-156 (Y.M.); +61-3-9479-3482 (G.M.)







Academic Editor: Mary V. Seeman



Received: 11 August 2021 / Accepted: 21 September 2021 / Published: 24 September 2021



Abstract

:

During puberty, rapid, complex hormonal, physical and cognitive changes occur that affect body image and eating behavior. The aim of this cross-sectional study, a secondary analysis of data from the Greek Healthy Growth Study, was to explore associations of disordered eating behaviors and body image in 1206 10–12-year-old girls during pubertal maturation, with serum leptin and adiponectin levels, according to body mass index (BMI). Eating behavior and disordered eating were assessed with the Dutch Eating Behavior Questionnaire (DEBQ) and the Children Eating Attitudes Test Questionnaire (ChEAT), respectively. Associations of components of DEBQ and ChEAT with maturation according to Tanner Stage (TS) and levels of leptin and adiponectin were explored by univariate and multivariate regression analysis. Adiponectin levels in girls at TS 1 were positively associated with the “social pressure to eat” score of ChEAT. Leptin levels in girls at TS 4 were positively correlated with the “restraint eating” score of DEBQ, and the “dieting”, “body image” and “food awareness” scores of ChEAT. After adjustment for TS and BMI, only “body image” and leptin remained significant. Further research may shed light on how these hormonal changes affect eating behaviors at various pubertal stages, contributing to “TS-specific” preventive strategies for eating disorders in girls.
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1. Introduction


Adolescence is an important developmental period that signals the transition from childhood to adulthood [1]. For adolescent girls, the striking body and social changes taking place during puberty and early adulthood strongly influence their body image. Developmental (e.g., pubertal timing), psychological (e.g., self-esteem), and sociocultural (e.g., culturally defined and transmitted messages regarding attractiveness) factors are involved in the development and maintenance of body image disturbance and related issues in adolescents [2]. Body image is a multidimensional construct reflecting the way one perceives oneself [3]. An increasing trend of preoccupation with body image is observed in young children of both sexes at puberty [4], and relevant research has documented negative thoughts about their body figure in children even before they reach puberty [5,6].



Body dissatisfaction in preadolescent girls has been associated with dieting and excessive exercise, and with low self-esteem [7]. Studies have revealed that even before the age of six years, some girls express a desire to be thinner [8], with a negative impact on their attitude towards food and their eating behavior, with effects such as food restriction and refusal to eat their meals with other family members as these girls are growing up and entering puberty [9]. Such phenomena play a catalytic role in the determination of body image later in life and mainly in adolescence and young adulthood [10].



Research findings regarding the role of age in the body image of adolescents are inconsistent. Some research suggests that as children grow up, their concerns about body weight and shape tend to increase [7], becoming intense in adolescence [11], while body self-appreciation and resilience against negative appearance decrease with age [12]. Other researchers suggest a more positive trend in appearance esteem as adolescents move from early adolescence to emerging adulthood. One study [13] demonstrated that a decline in the self- esteem of early adolescents related to appearance was followed by an upward trend in late adolescence, and another [14] showed that late adolescents applied more protective body image strategies (e.g., ignoring negative appearance information, critically filtering media ideals, and deprioritizing the pursuit of having an ideal body), resulting in higher body satisfaction.



The rapid, complex hormonal changes that take place in puberty, in combination with physical and cognitive development [15], require a considerable degree of adaptation by the growing individuals. Children entering or going through puberty are becoming more autonomous, but they also become highly susceptible to developing various behavioral disturbances, and in particular eating disorders [16,17]. In female pre-adolescents, a relationship between body image concerns, low self-esteem and disordered eating attitudes and behaviors has been identified, prompting the need for appropriate intervention [18]. This relationship has also been found in and adolescents [19,20,21].



Some researchers note that disordered eating is more common among girls and boys who experience the early onset of puberty, suggesting that both biological and psychosocial mechanisms may act as potential triggers [22]). The biological maturation of females during puberty is followed by a significant increase in the levels of adipose tissue [23], which is often associated with an increase in body dissatisfaction [24]. Two adipokines that are linked with fat metabolism, adiponectin and leptin, are secreted by the white adipose tissue, and their serum levels usually vary at different stages of biological maturation [25]. Leptin appears to play a significant role in the onset and progression of puberty [26]. In a recent review, leptin and adiponectin are presented as key players in the onset of puberty through their effects on the hypothalamic-pituitary-gonadal axis. It is suggested that the initiation of puberty, apart from genetic predisposition, is catalytically determined by body fat accumulation and the level of adipokines, while extreme values have been reported in the levels of adipokines in eating disorders [27].



Recognizing that the body works as a whole, and that hormonal changes during puberty have a bidirectional relationship with body composition and behavior, we aimed to investigate disordered eating behavior and body image in girls in relation to their biological maturation, and to explore their association with of leptin and adiponectin levels. We hypothesize that a confirmation of the association among such biological measures, physical changes and disordered eating attitudes will facilitate timely, relevant action for the prevention or early treatment of eating disorders. The need of associating physical changes with eating attitudes, body image and eating disorders is high, as the screening for the last is usually through self-reported questionnaires, which are inherently biased by the person’s feelings at the time they fill them out [28,29].




2. Results


Of the 1206 girls in the study sample aged 10–12 years (mean age 11.26 ± 0.6 years), 270 girls already had menses. The distribution according to TS was: TS1 261 (22%), TS2 469 (38%), TS3 314 (26%), TS5 39 (3%).



Table 1 presents the age, anthropometric data and levels of leptin and adiponectin of the girls in the study sample, according to their TS. The age of the girls was significantly lower in those in TS 1and 2 (10.6 ± 0.6, 11.1 ± 0.7, p = 0.01) than in the other stages, but no age differences were observed between TS 3, 4 and 5.



Body weight and height increased with age and showed significant differences between TS, with the exception of TS 4 and 5 (body weight 52.1 ± 10.2 kg v 55.7 ± 8.8 kg, p = 0.01). BMI was significantly lower in TS 1 and 2 (18.4 ± 3.3, 19.9 ± 3.6, p = 0.01) than in all the other TS, but no significant differences in BMI were detected between TS 3, 4 and 5.



The level of leptin was significantly lower in girls in TS 1 than in all the other TS, and lower in TS 2 than in TS 4 (11.4 ± 9.5 units, 14 ± 10.3 units, p = 0.01). Conversely, the level of adiponectin was significantly higher in TS 1 than in TS 2 and 5 (7.8 ± 3.4 µg/mL, 7.1 ± 3.1 µg/mL, 5.6 ± 2.01 µg/mL, p = 0.01).



Table 2 shows the differences in the mean scores of the girls on the individual components of the DEBQ and ChEAT questionnaires, according to the TS. As far as their eating behavior is concerned, the “emotional eating” and “external eating” scores on the DEBQ were similar in all the TS categories, but “restraint eating” showed a significantly higher score in TS1 than in TS 3 and 4 (24.66 ± 9, 27.22 ± 9.15, 29.09 ± 9.05, p = 0.01). On the ChEAT scales, the scores for “dieting”, “food preoccupation” and “food awareness” showed no significant difference across the TS range. The score for “body image” was significantly higher in TS 2, 3, and 4 than in TS1 (10.2 ± 5.06, p = 0.01), while that for “social pressure to eat” was significantly higher in TS 1 than in TS 3, 4 and 5 (5.47 ± 3.05, 4.68 ± 2.93, 4.43 ± 2.92, 4 ± 2.75, p = 0.01).



The crude associations between the scores on the various components of the DEBQ and ChEAT with the levels of adiponectin and leptin are presented in Table 3. Regarding adiponectin, a positive association was observed between adiponectin level and the score on the ChEAT “social pressure to eat” component (p < 0.001). Leptin levels showed correlation with a greater number of components, specifically positive association with the “restraint eating” score on DEBQ, and the ChEAT components “dieting”, “body image” and “food awareness” (p < 0.001). A negative association was demonstrated between leptin level and the DEBQ “external eating” score and the ChEAT “social pressure to eat” score (p < 0.001). Correction of these associations for TS and BMI resulted in loss of the significant crude associations, with the exception of the positive association observed between the ChEAT “body image” score leptin level (p = 0.024) (Table 4).




3. Discussion


This study examined the possible associations between distorted eating behaviors, as assessed by the DEBQ and ChEAT questionnaires, with the serum levels of adiponectin and leptin in 10–12-year-old girls at different TS of maturation. We found that the girls in this study had increased restraint eating behaviors, dieting, and awareness about body image and food, at higher TS, when leptin was higher.



The girls in this study expressed various disordered eating behaviors at different TS of maturation, according to their scores on the DEBQ and ChEAT questionnaires. Specifically, the scores of the “external eating” and “restraint eating” DEBQ components, and the score of the “social pressure to eat” ChEAT component were higher in girls at earlier TS. These findings are in agreement with previous research that reveals a significant effect on the eating behavior of young girls of beauty standards formed by sociocultural factors, including parents, peers and the media [30]. A proportion as high as 40–50% of children from western countries express a dissatisfaction with their body image that affects their eating attitudes before they have even reached puberty [31]. Concerns about body image in childhood have been associated with many psychological health issues, including lower self-esteem [32]. Some studies describe early-adolescent girls as being the most vulnerable to the “thin-ideal” internalization and as having the most severely disturbed eating behaviors [33].



It is possible that girls use restraint from food as a measure to balance the pressure they feel from the external environment. In the study of Tatangelo and Ricciardelli (2013), body ideals for girls in pre-adolescence appeared to be strongly affected by peers and the media, pushing them towards wanting to have a slimmer body, and therefore to the use of weight reduction strategies [34]. At this stage of development, however, girls experience an increase in appetite [35], which is linked to high levels of adiponectin, among other hormones.



In this study, the girls showed a tendency to suppress their hunger as the high external pressure eating attitude scores increased. The augmentation of adiponectin, produced by the white adipose tissue in pre-adolescence, stimulates the appetite in anticipation of the forthcoming growth spurt. As suggested by Barbe and colleagues (2019), adiponectin receptors might be present in two gonadotropins essential for the process of gametogenesis, namely follicle stimulating hormone (FSH) and luteinizing hormone (LH) [36]. The body demands an adequate food supply for the energy required for the rapid changes from childhood to adulthood. Some children at this stage, however, might start denying food due to external pressures urging them to be thin. In anorexia nervosa, where food intake is minimal, the serum level of adiponectin is noticeably raised, although the body fat levels are extremely low [37]. In this context, the adipose tissue in the bone marrow becomes activated during caloric restriction and contributes to the raised circulating adiponectin [38] in an effort to stimulate the appetite and to increase food intake.



Relevant educational efforts aiming to prevent such ideation developing in young girls should focus on the adult “influencers”, finding ways to discourage them from delivering misleading messages to growing children and ways to reduce the pressure on them regarding their body image and eating habits. These adult influencers in these early developmental stages (TS1, 2) could be parents and teachers [39], while for the later stages they might be famous athletes and social influencers [40]. This study also showed that the more mature girls with higher TS had higher scores on the body image scale. During critical developmental periods, in this case adolescence, when various changes in physical, hormonal, and cognitive development are experienced, anxiety about physical appearance often increases [41], especially among girls [42]. The changes in body shape and composition associated with higher adipose tissue levels have been reported as additional factors in the development of negative body image [43].



In the study population, the serum levels of leptin, which also has a hunger suppressive effect, and is involved in the long-term regulation of energy balance and body weight [44], increased with the increase in TS. The amount of total body fat alters the serum levels of leptin [45], but increased leptin levels have also been found to be correlated with obesity and loss of eating control in young children and adolescents [45].



We found that a raised leptin level at a higher TS was associated with an increase in restraint eating behaviors, dieting, and awareness about body image and food. As Farooqi and colleagues showed, leptin can decrease ratings in hunger in the fasting state, but also postprandial satiety [46], which provides girls with the efficacy to control their food intake. Physical dissatisfaction is recognized in children long before they reach puberty, and the urge to enhance a positive body image in young children is apparent, and intervention at this stage can help to avert the onset of more serious psychological and physical ramifications later in life [47].



Leptin, apart from suppressing hunger and controlling appetite, mediates metabolic information to the hypothalamo-pituitary-gonadal axis on agouti neurons, affecting mechanisms that give rise to abnormal sexual maturation and fertility attributable to malnourishment, and to leptin resistant obesity [48]. In view of food denial, dieting, and anxiety about food choices and body image that evidently increased at later TS, efforts should be made to provide better social influencers during adolescence. Models must be developed that will provide healthy body ideals and combine balanced dietary habits with adequate but not extreme physical activity and that will alleviate anxiety about elusive body standards.



Considering the human body as a whole and the balance between the metabolic changes (adiponectin-leptin relationship), growth (sexual maturation) and the concerns of young girls related to their maturing bodies, appropriate measures should be adopted to forestall the introduction of abnormal eating behaviors, according to the different developmental stages and the phenotypes of distorted eating behaviors. These efforts should start before the onset of puberty.



It is important to identify the triggers for the different age groups that exacerbate abnormal eating behaviors, and to take appropriate prophylactic measures at the critical time. The hormonal profile will possibly be a good indicator for these specific strategies, as in the early TS stages the body image concerns of girls appear to be related to the influence of their family [49] and other adults in the external environment, such as teachers [50] and coaches [51]. Teachers and coaches should be appropriately educated in terms of nutrition and psychological strategies in relation to body image, and families should be well-informed, with access to support when needed. In this way they will be able to encourage the prepubertal girl to become self-confident and to appreciate herself by focusing on her positive features and cultivating skills for being happy and adapting to new circumstances. In the later pubertal stages, children and adolescents are more influenced by their friends/peers, and by actors, singers, athletes and other role models [52]. The media play an exaggerated role in the communication to young people of beauty standards and body image esthetics [5]. The media could instead aid in building positive appraisal and self-acceptance in young girls. The media can also serve as the route to promote messages about healthy eating behavior and physical activity at this particular age cohort [53].



This study had certain strengths and limitations. It was part of a large-scale epidemiological study, HGA, involving a representative sample of children in Greece and covering urban, semi-urban and rural areas. The data from the associations presented regarding disordered eating behaviors in girls at this age range can therefore be generalized and can provide the basis for the design of measures for prevention and/or intervention. Although the data were not very recent, due to the priorities of HGA, we do not believe that the time frame affected the validity of the study. The data analysis for the present study was confined to girls. Body image concerns are also observed in pre-adolescent and adolescent boys, but they will be the subject of a later analysis. The adjustment for certain possible confounders probably resulted in higher accuracy of the results, but the cross-sectional design of the study does not allow the establishment of the causality of distorted eating behaviors in girls at different TS. As DEBQ and ChEAT are self-reported questionnaires, the data are qualitative, and as such are subject to self-reporting bias and indicate perceptions rather than behavior.




4. Materials and Methods


4.1. Population Sample


The Greek Healthy Growth Study (HGS) was a large-scale cross-sectional epidemiological study initiated in May 2007 and completed in June 2009. The initial findings of the study have already been published [54,55,56,57,58]. Approval to conduct the study was provided by the Greek Ministry of National Education and the Ethical Committee of Harokopio University of Athens (16/19.12.2006) and supported with a research grant from the Friesland Foods Hellas and facilitated by the EU-funded HOPE project ‘Health promotion through Obesity Prevention across Europe (the Commission of the European Communities, SP5A-CT-2006-044128)’ [59].



The study population was a representative sample of 9–13-year-old schoolchildren living in the four counties in the study, which are scattered throughout Greece, covering the northern (i.e., Thessaloniki), central (i.e., Attica), western (i.e., Aitoloakarnania), and southern (i.e., Iraklio-Crete) parts of the country (indicating potential representativeness at a national level). The sampling of schools participating in the HGS was random, multistage, and stratified by parental educational level and the total population of students attending schools within the municipalities of these counties. A detailed letter explaining the aims of the study and a consent form for conducting full measurements was provided to all parents or guardians (“parents” hereinafter) with a child in these schools. Parents who responded positively were asked to sign the consent form and provide their contact details. Data from children and their parents were collected by face-to-face interviews and clinical assessments conducted at school sites. Of the 4145 children who were eligible to participate, 2656 were enrolled in the study (64.1% response) after the parents granted consent on behalf of the children. Detailed methodology has been published elsewhere [60]. Of these 2656 children, a subsample of 1206 girls for whom a full dataset existed on both the independent and dependent variables was used for analysis for the purposes of the present study.




4.2. Data Collection


As part of this study, specific questionnaires were administered, physical examination and anthropometric measurements were made, and blood tests were conducted, all within the specifications of the HGS.




4.3. Measures


4.3.1. Questionnaires


Two standardized questionnaires were administered in order to assess eating behavior (emotional, external, restrained eating) and eating behavior disorders, respectively:



Eating behavior was assessed using the Greek version of the Dutch Eating Behavior Questionnaire (DEBQ) [61] for children aged 7–12 years. This questionnaire consists of 13 questions on “emotional eating”, referring to eating behavior affected by emotions; 10 questions on “external eating”, referring to eating behavior affected by external stimuli; and 10 questions on “restrained eating”, referring to eating behavior influenced by personal restrictions. The Cronbach alpha ranged from 0.73 to 0.82 [62].



The Children Eating Attitudes Test (ChEAT) [63] is a validated questionnaire that was used to assess the level of disordered eating behavior. This is a self-reported 14-item questionnaire with a score range between 0–78 points, with the higher scores indicating greater severity for each of the following components: total ChEAT score, dieting score, body image, food preoccupation, food awareness, and social pressure to eat [63].




4.3.2. Physical Examination and Anthropometry


The participants were weighed (while wearing light clothes) to the nearest 10 g using a Seca digital scale (Seca Alpha, Model 770, Hamburg, Germany). Height was measured to the nearest 0.1 cm using a commercial stadiometer (Leicester Height Measure, Invicta Plastics, Oadby, UK) with the participant standing barefoot, with the shoulders in a relaxed position, the arms hanging freely and the head in the Frankfort horizontal plane. Body mass index (BMI) was calculated using Quetelet’s equation: weight (kg)/height (m2). Using the International Obesity Task Force (IOTF) cut-off points, the children were categorized as “underweight”, “normal weight”, “overweight” or “obese” [64].



The study population was sub-grouped according to the level of biological maturation. One trained female pediatrician in each prefecture determined the biological maturation of each participant according to a sexual maturity rating system based on Tanner’s classification scheme. The five Tanner Stages (TS) correspond to: (1) prepubertal, (2) beginning pubertal, (3) midpubertal, (4) advanced pubertal, (5) postpubertal [16].




4.3.3. Biochemical Indices


After a 12-h overnight fast, an early morning venous blood sample was drawn from each participant for biochemical tests as described in detail elsewhere [61].



The serum leptin level was measured by a human leptin ELISA, Clinical Range kit (BioVendor Research and Diagnostic products, Karasek, Czech Republic) and was reported in ng/mL. The serum adiponectin level was measured by a Human Adiponectin/Acrp30 Duo Set ELISA kit (R&D Systems, Minneapolis, MN, USA) and reported in µg/mL.





4.4. Statistical Analysis


Normality of the distribution of all continuous variables was evaluated using the Kolmogorov-Smirnov test. Other parameters examining the normality of the examined variables were tested, including skewness, kurtosis, and outliers, showing the same results as the normality test. Νon-normally distributed variables were log-transformed. Continuous variables are presented as mean ± standard deviation (SD).



Analysis of Variance (ANOVA) was used to compare the anthropometric data, levels of adiponektin, DEBQ and ChEAT scores between girls at different TS. The Bonferonni correction was applied where necessary for all post-hoc comparisons, and the non-parametric Kruskall-Wallis test was used when needed.



The levels of leptin and adiponectin and the scores of the different components of DEBQ and ChEAT were non-normally distributed, and after the log-transformation they remained non-normally distributed. Comparisons of categorical variables between TS were examined with the chi-square test in addition to the two-sample Z-test for pair-wise comparisons. Linear regression analysis was performed to test the associations of DEBQ and ChEAT and the levels of leptin and adiponectin. Univariate and multivariate linear regression analysis was performed to test for the association between the components of DEBQ and ChEAT with TS. Statistical analysis was conducted using the Statistical Package for Social Sciences (SPSS, version 21.0, Armonk, NY: IBM Corp.). All analyses were two-tailed and the level of statistical significance was set at p < 0.05.





5. Conclusions


This study linked certain components of the ChEAT and DEBQ scales with the normally expected differences of the serum levels of leptin and adiponectin related to the changes in body composition of young girls in different pubertal stages. After adjusting for potential confounders, including TS and BMI, only body image retained a statistically significant relationship. It was apparent that various concerns regarding body image triggered distorted eating behaviors in these girls. These findings should be taken into consideration from a public health perspective when decisions are made regarding measures for the prevention of eating disorders in young girls. Specific measures should be elaborated at different developmental and educational levels, and societal initiatives including in-school interventions (aided by specialized school personnel, such as school nurses, who are able to recognize the developmental stages), should play a key role in interventions.







Author Contributions


Conceptualization, E.V. (Emilia Vassilopoulou), G.M. and Y.M.; methodology, E.V. (Emilia Vassilopoulou), G.M. and Y.M.; formal analysis, E.V. (Emmanouela Vasileiadi), G.M., V.T.; investigation, E.V. (Emilia Vassilopoulou), E.K., K.S., E.V. (Emmanouela Vasileiadi), C.M., G.C., Y.M., G.M.; resources, Y.M., G.M.; writing—original draft preparation, E.V. (Emilia Vassilopoulou); writing—review and editing, E.V. (Emilia Vassilopoulou), G.M., Y.M., V.T., E.K., K.S., E.V. (Emmanouela Vasileiadi), C.M., G.C.; supervision, G.M., Y.M.; project administration, G.M., Y.M.; funding acquisition, G.M., Y.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research was co-financed by the European Union (European Social Fund—ESF) and Greek national funds through the Operational Programme ‘Education and Lifelong Learning’ of the National Strategic Reference Framework (NSRF) Research Funding Program: ‘Heracletus II. Investing in knowledge society through the European Social Fund’.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Greek Ministry of National Education and the Ethical Committee of Harokopio University of Athens (16/19.12.2006).




Informed Consent Statement


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




Data Availability Statement


Data from the study is available upon request from the corresponding author. Data is not publicly available due to its usage in the ongoing study.




Acknowledgments


The authors would like to thank members of the Healthy Growth Study Group for their valuable contribution to the completion of the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Handout for module A Introduction.

	



Ata, R.N.; Rojas, A.; Ludden, A.B.; Thompson, J.K. Factors Influencing Body Image During Adolescence. In Handbook of Behavior, Food and Nutrition; Springer: Berlin/Heidelberg, Germany, 2011; pp. 3221–3239. Available online: https://link.springer.com/chapter/10.1007/978-0-387-92271-3_201 (accessed on 28 August 2021).

	



Hosseini, S.A.; Padhy, R.K.; StatPearls. Body Image Distortion: StatPearls. In StatPearls Publishing; 2019. Available online: http://www.ncbi.nlm.nih.gov/pubmed/31536191 (accessed on 15 March 2021).

	



Reel, J.; Voelker, D.; Greenleaf, C. Weight status and body image perceptions in adolescents: Current perspectives. Adolesc. Health Med. Ther. 2015, 125, 149. Available online: http://www.dovepress.com/weight-status-and-body-image-perceptions-in-adolescents-current-perspe-peer-reviewed-article-AHMT (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Perloff, R.M. Social Media Effects on Young Women’s Body Image Concerns: Theoretical Perspectives and an Agenda for Research. Sex Roles 2014, 71, 363–377. Available online: https://link.springer.com/article/10.1007/s11199-014-0384-6 (accessed on 15 March 2021). [CrossRef]

	



McLaughlin, E.A.; Belon, K.E.; Smith, J.E.; Erickson, S.J. Mothers’ and daughters’ beliefs about factors affecting preadolescent girls’ body satisfaction. Body Image 2015, 13, 9–17. [Google Scholar] [CrossRef] [PubMed]

	



Handford, C.M.; Rapee, R.M.; Fardouly, J. The influence of maternal modeling on body image concerns and eating disturbances in preadolescent girls. Behav. Res. Ther. 2018, 100, 17–23. [Google Scholar] [CrossRef]

	



Dohnt, H.K.; Tiggemann, M. Peer influences on body dissatisfaction and dieting awareness in young girls. Br. J. Dev. Psychol. 2005, 23, 103–116. Available online: http://doi.wiley.com/10.1348/026151004X20658 (accessed on 15 March 2021). [CrossRef]

	



Gonçalves, J.D.A.; Moreira, E.A.M.; Trindade, E.B.S.D.M.; Fiates, G.M.R. Transtornos alimentares na infância e na adolescência. Rev. Paul. Pediatr. 2013, 31, 96–103. Available online: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-05822013000100016&lng=pt&nrm=iso&tlng=pt (accessed on 23 September 2019). [CrossRef]

	



Lewis-Smith, H.; Bray, I.; Salmon, D.; Slater, A. Prospective Pathways to Depressive Symptoms and Disordered Eating in Adolescence: A 7-Year Longitudinal Cohort Study. J. Youth Adolesc. 2020, 49, 2060–2074. Available online: https://doi.org/10.1007/s10964-020-01291-1 (accessed on 15 March 2021). [CrossRef]

	



Ackard, D.M.; Peterson, C.B. Association between puberty and disordered eating, body image, and other psychological variables. Int. J. Eat. Disord. 2001, 29, 187–194. Available online: https://pubmed.ncbi.nlm.nih.gov/11429981/ (accessed on 15 March 2021). [CrossRef]

	



Maes, C.; Trekels, J.; Tylka, T.L.; Vandenbosch, L. The Positive Body Image among Adolescents Scale (PBIAS): Conceptualization, development, and psychometric evaluation among adolescents from Belgium. Body Image 2021, 38, 270–288. [Google Scholar] [CrossRef]

	



Frisén, A.; Lunde, C.; Berg, A.I. Developmental patterns in body esteem from late childhood to young adulthood: A growth curve analysis. Eur. J. Dev. Psychol. 2014, 12, 99–115. Available online: https://www.tandfonline.com/doi/abs/10.1080/17405629.2014.951033 (accessed on 28 August 2021). [CrossRef]

	



Gattario, K.H.; Frisén, A. From negative to positive body image: Men’s and women’s journeys from early adolescence to emerging adulthood. Body Image 2019, 28, 53–65. [Google Scholar] [CrossRef]

	



McGivern, R.F.; Reilly, J.S. Cognitive Changes in Adolescence. In Encyclopedia of Evolutionary Psychological Science; Springer International Publishing: Cham, Switzerland, 2018; pp. 1–5. Available online: https://link.springer.com/referenceworkentry/10.1007/978-3-319-16999-6_2468-1 (accessed on 15 March 2021).

	



Bornstein, M.H. Tanner Stages. In The SAGE Encyclopedia of Lifespan Human Development; SAGE Publications, Inc.: Thousand Oaks, CA, USA, 2018; Available online: http://sk.sagepub.com/reference/the-sage-encyclopedia-of-lifespan-human-development/i24631.xml (accessed on 15 March 2021).

	



Mäkinen, M.; Marttunen, M.; Komulainen, E.; Terevnikov, V.; Puukko-Viertomies, L.R.; Aalberg, V. Development of self-image and its components during a one-year follow-up in non-referred adolescents with excess and normal weight. Child Adolesc. Psychiatry Ment. Health 2015, 9, 5. Available online: http://www.capmh.com/content/9/1/5 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Halvarsson, K.; Lunner, K.; Sjöden, P.-O. Assessment of eating behaviours and attitudes to eating, dieting and body image in pre-adolescent Swedish girls: A one-year follow-up. Acta Pædiatrica 2000, 89, 996–1000. Available online: https://onlinelibrary.wiley.com/doi/full/10.1111/j.1651-2227.2000.tb00424.x (accessed on 28 August 2021).

	



Mcvey, G.; Tweed, S.; Blackmore, E. Dieting among preadolescent and young adolescent females. Cmaj 2004, 170, 1559–1561. [Google Scholar] [CrossRef] [PubMed]

	



Teixeira, M.D.; Pereira, A.T.; Marques, M.V.; Saraiva, J.M.; de Macedo, A.F. Eating behaviors, body image, perfectionism, and self-esteem in a sample of Portuguese girls. Braz. J. Psychiatry 2016, 38, 135–140. Available online: http://www.scielo.br/j/rbp/a/5nMPf6TCzCnHsGs3LFspLgh/?lang=en (accessed on 28 August 2021). [CrossRef] [PubMed]

	



Lynch, W.C.; Eppers-Reynolds, K. Children’s Eating Attitudes Test: Revised factor structure for adolescent girls. Eat Weight Disord. Stud. Anorex. Bulim. Obes. 2005, 10, 222–235. Available online: https://link.springer.com/article/10.1007/BF03327489 (accessed on 28 August 2021).

	



Zehr, J.L.; Culbert, K.M.; Sisk, C.L.; Klump, K.L. An association of early puberty with disordered eating and anxiety in a population of undergraduate women and men. Horm. Behav. 2007, 52, 427. Available online: /pmc/articles/PMC2080669/ (accessed on 28 August 2021). [CrossRef]

	



Cameron, C.A.; McKay, S.; Susman, E.J.; Wynne-Edwards, K.; Wright, J.M.; Weinberg, J. Cortisol Stress Response Variability in Early Adolescence: Attachment, Affect and Sex. J. Youth Adolesc. 2017, 46, 104–120. Available online: https://link.springer.com/article/10.1007/s10964-016-0548-5 (accessed on 15 March 2021).

	



Da Luz Neto, L.M.; de Vasconcelos, F.M.N.; da Silvam, J.E.; Pinto, T.C.C.; Sougey, É.B.; Ximenes, R.C.C. Differences in Cortisol Concentrations in Adolescents with Eating Disorders: A Systematic Review. J. Pediatr. 2019, 95, 18–26. [Google Scholar] [CrossRef]

	



Blum, W.F.; Englaro, P.; Hanitsch, S.; Juul, A.; Hertel, N.T.; MÜller, J.; Skakkebæk, N.E.; Heiman, M.L.; Birkett, M.; Attanasio, A.M.; et al. Plasma Leptin Levels in Healthy Children and Adolescents: Dependence on Body Mass Index, Body Fat Mass, Gender, Pubertal Stage, and Testosterone. J. Clin. Endocrinol. Metab. 1997, 82, 2904–2910. Available online: https://academic.oup.com/jcem/article/82/9/2904/2865965 (accessed on 15 March 2021). [PubMed]

	



Quennell, J.H.; Mulligan, A.C.; Tups, A.; Liu, X.; Phipps, S.J.; Kemp, C.J.; Herbison, A.E.; Grattan, D.R.; Anderson, G.M. Leptin Indirectly Regulates Gonadotropin-Releasing Hormone Neuronal Function. Endocrinology 2009, 150, 2805–2812. Available online: https://academic.oup.com/endo/article/150/6/2805/2456259 (accessed on 15 March 2021). [CrossRef]

	



Nieuwenhuis, D.; Pujol-Gualdo, N.; Arnoldussen, I.A.C.; Kiliaan, A.J. Adipokines: A gear shift in puberty. Obes. Rev. 2020, 21, e13005. Available online: https://onlinelibrary.wiley.com/doi/full/10.1111/obr.13005 (accessed on 28 August 2021).

	



White, M.A.; Masheb, R.M.; Grilo, C.M. Accuracy of Self-reported Weight and Height in Binge Eating Disorder: Misreport is Not Related to Psychological Factors. Obesity 2010, 18, 1266. Available online: /pmc/articles/PMC2877172/ (accessed on 14 September 2021). [CrossRef]

	



Bezzina, L.; Touyz, S.; Young, S.; Foroughi, N.; Clemes, S.; Meyer, C.; Arcelus, J.; Madden, S.; Attia, E.; Pike, K.M.; et al. Accuracy of self-reported physical activity in patients with anorexia nervosa: Links with clinical features. J. Eat. Disord. 2019, 7, 1–12. Available online: https://jeatdisord.biomedcentral.com/articles/10.1186/s40337-019-0258-y (accessed on 14 September 2021). [CrossRef]

	



Izydorczyk, B.; Sitnik-Warchulska, K. Sociocultural Appearance Standards and Risk Factors for Eating Disorders in Adolescents and Women of Various Ages. Front. Psychol. 2018, 9, 429. Available online: http://journal.frontiersin.org/article/10.3389/fpsyg.2018.00429/full (accessed on 15 March 2021). [CrossRef]

	



Juli, M.R. Perception of body image in early adolescence. An investigation in secondary schools. Psychiatr. Danub. 2017, 29, 409–415. [Google Scholar]

	



Ganesan, S.; Ravishankar, S.; Ramalingam, S. Are body image issues affecting our adolescents? A cross-sectional study among college going adolescent girls. Indian J. Community Med. 2018, 43, 42. Available online: http://www.ijcm.org.in/text.asp?2018/43/5/42/247925 (accessed on 15 March 2021).

	



Schuck, K.; Munsch, S.; Schneider, S. Body image perceptions and symptoms of disturbed eating behavior among children and adolescents in Germany. Child Adolesc. Psychiatry Ment. Health 2018, 12, 1–11. Available online: https://capmh.biomedcentral.com/articles/10.1186/s13034-018-0216-5 (accessed on 28 August 2021). [CrossRef] [PubMed]

	



Tatangelo, G.L.; Ricciardelli, L.A. A qualitative study of preadolescent boys’ and girls’ body image: Gendered ideals and sociocultural influences. Body Image 2013, 10, 591–598. [Google Scholar] [CrossRef] [PubMed]

	



Larnkjær, A.; Schack-Nielsen, L.; Mølgaard, C.; Ingstrup, H.K.; Holst, J.J.; Michaelsen, K.F. Effect of growth in infancy on body composition, insulin resistance, and concentration of appetite hormones in adolescence. Am. J. Clin. Nutr. 2010, 911, 1675–1683. Available online: https://academic.oup.com/ajcn/article/91/6/1675/4597300 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Barbe, A.; Bongrani, A.; Mellouk, N.; Estienne, A.; Kurowska, P.; Grandhaye, J.; Elfassy, Y.; Levy, R.; Rak, A.; Froment, P.; et al. Mechanisms of Adiponectin Action in Fertility: An Overview from Gametogenesis to Gestation in Humans and Animal Models in Normal and Pathological Conditions. Int. J. Mol. Sci. 2019, 20, 1526. Available online: https://www.mdpi.com/1422-0067/20/7/1526 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Tagami, T.; Satoh, N.; Usui, T.; Yamada, K.; Shimatsu, A.; Kuzuya, H. Adiponectin in Anorexia Nervosa and Bulimia Nervosa. J. Clin. Endocrinol. Metab. 2004, 89, 1833–1837. Available online: https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2003-031260 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Cawthorn, W.P.; Scheller, E.L.; Learman, B.S.; Parlee, S.D.; Simon, B.R.; Mori, H.; Ning, X.; Bree, A.J.; Schell, B.; Broome, D.T.; et al. Bone marrow adipose tissue is an endocrine organ that contributes to increased circulating adiponectin during caloric restriction. Cell Metab. 2014, 20, 368–375. [Google Scholar] [CrossRef]

	



de Vries, D.A.; Vossen, H.G.; van der Kolk-van der Boom, P. Social Media and Body Dissatisfaction: Investigating the Attenuating Role of Positive Parent–Adolescent Relationships. J. Youth Adolesc. 2019, 48, 527–536. [Google Scholar] [CrossRef]

	



Pilar, P.-M.; Rafael, M.-C.; Félix, Z.-O.; Gabriel, G.-V. Impact of Sports Mass Media on the Behavior and Health of Society: A Systematic Review. Int. J. Environ. Res. Public Health 2019, 16, 486. Available online: http://www.mdpi.com/1660-4601/16/3/486 (accessed on 15 March 2021). [CrossRef]

	



Vannucci, A.; Ohannessian, C.M.C. Body Image Dissatisfaction and Anxiety Trajectories During Adolescence. J. Clin. Child. Adolesc. Psychol. 2018, 47, 785–795. Available online: https://www.tandfonline.com/doi/abs/10.1080/15374416.2017.1390755 (accessed on 15 March 2021). [CrossRef]

	



Mäkinen, M.; Puukko-Viertomies, L.R.; Lindberg, N.; Siimes, M.A.; Aalberg, V. Body dissatisfaction and body mass in girls and boys transitioning from early to mid-adolescence: Additional role of self-esteem and eating habits. BMC Psychiatry 2012, 12, 35. Available online: http://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-12-35 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Stojcic, I.; Dong, X.; Ren, X. Body Image and Sociocultural Predictors of Body Image Dissatisfaction in Croatian and Chinese Women. Front. Psychol. 2020, 11, 731. Available online: www.frontiersin.org (accessed on 15 March 2021). [CrossRef]

	



Baskaran, C.; Eddy, K.T.; Miller, K.K.; Meenaghan, E.; Misra, M.; Lawson, E.A. Leptin secretory dynamics and associated disordered eating psychopathology across the weight spectrum. Eur. J. Endocrinol. 2016, 174, 503–512. [Google Scholar] [CrossRef]

	



Miller, R.; Tanofsky-Kraff, M.; Shomaker, L.B.; Field, S.E.; Hannallah, L.; Reina, S.A.; Mooreville, M.; Sedaka, N.; Brady, S.M.; Condarco, T.; et al. Serum leptin and loss of control eating in children and adolescents. Int. J. Obes. 2014, 38, 397–403. Available online: www.nature.com/ijo (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Farooqi, I.S.; Matarese, G.; Lord, G.M.; Keogh, J.M.; Lawrence, E.; Agwu, C.; Sanna, V.; Jebb, S.A.; Perna, F.; Fontana, S.; et al. Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human congenital leptin deficiency. J. Clin. Investig. 2002, 110, 1093–1103. Available online: http://www.jci.org. (accessed on 15 March 2021).

	



Tatangelo, G.; McCabe, M.; Mellor, D.; Mealey, A. A systematic review of body dissatisfaction and sociocultural messages related to the body among preschool children. Body Image 2016, 18, 86–95. [Google Scholar] [CrossRef]

	



Egan, O.K.; Inglis, M.A.; Anderson, G.M. Leptin signaling in AgRP neurons modulates puberty onset and adult fertility in mice. J. Neurosci. 2017, 37, 3875–3886. Available online: https://www.jneurosci.org/content/37/14/3875 (accessed on 15 March 2021). [CrossRef]

	



Damiano, S.R.; Hart, L.M.; Paxton, S.J. Development and validation of parenting measures for body image and eating patterns in childhood. J. Eat. Disord. 2015, 3, 5. Available online: https://jeatdisord.biomedcentral.com/articles/10.1186/s40337-015-0043-5 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Halliwell, E.; Yager, Z.; Paraskeva, N.; Diedrichs, P.C.; Smith, H.; White, P. Body Image in Primary Schools: A pilot evaluation of a primary school intervention program designed by teachers to improve children’s body satisfaction. Body Image 2016, 19, 133–141. [Google Scholar] [CrossRef]

	



Mendo-Lázaro, S.; Polo-del-Río, M.I.; Amado-Alonso, D.; Iglesias-Gallego, D.; León-del-Barco, B. Self-Concept in Childhood: The Role of Body Image and Sport Practice. Front. Psychol. 2017, 8, 853. Available online: http://journal.frontiersin.org/article/10.3389/fpsyg.2017.00853/full (accessed on 15 March 2021). [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. Available online: http://journals.sagepub.com/doi/10.1177/0743558416665478 (accessed on 15 March 2021). [CrossRef]

	



Aparicio-Martinez, P.; Perea-Moreno, A.J.; Martinez-Jimenez, M.P.; Redel-Macías, M.D.; Pagliari, C.; Vaquero-Abellan, M. Social media, thin-ideal, body dissatisfaction and disordered eating attitudes: An exploratory analysis. Int. J. Environ. Res. Public Health 2019, 16, 4177. Available online: https://pubmed.ncbi.nlm.nih.gov/31671857/ (accessed on 29 January 2021). [CrossRef] [PubMed]

	



Moschonis, G.; Karatzi, K.; Androutsos, O.; Lionis, C.; Chrousos, G.P.; Manios, Y. Anthropometric cut-off values identifying Greek children at risk of hypertension: The Healthy Growth Study. J. Hum. Hypertens. 2018, 32, 190–196. Available online: https://www.nature.com/articles/s41371-018-0031-8 (accessed on 28 August 2021). [CrossRef] [PubMed]

	



Moschonis, G.; Kalliora, A.C.; Costarelli, V.; Papandreou, C.; Koutoukidis, D.; Lionis, C.; Chrousos, G.P.; Manios, Y. Identification of lifestyle patterns associated with obesity and fat mass in children: The Healthy Growth Study. Public Health Nutr. 2014, 17, 614–624. Available online: https://pubmed.ncbi.nlm.nih.gov/23531449/ (accessed on 9 July 2021). [CrossRef] [PubMed]

	



Hoare, E.; Marx, W.; Firth, J.; McLeod, S.; Jacka, F.; Chrousos, G.P.; Manios, Y.; Moschonis, G. Lifestyle behavioural risk factors and emotional functioning among schoolchildren: The Healthy Growth Study. Eur. Psychiatry 2019, 61, 79–84. Available online: https://www.cambridge.org/core/journals/european-psychiatry/article/lifestyle-behavioural-risk-factors-and-emotional-functioning-among-schoolchildren-the-healthy-growth-study/4325B146F66747794A32DEF3178537F2 (accessed on 28 August 2021). [CrossRef]

	



Moschonis, G.; Androutsos, O.; Hulshof, T.; Dracopoulou, M.; Chrousos, G.P.; Manios, Y. Vitamin D insufficiency is associated with insulin resistance independently of obesity in primary schoolchildren: The healthy growth study. Pediatr. Diabetes 2018, 19, 866–873. Available online: https://onlinelibrary.wiley.com/doi/full/10.1111/pedi.12678 (accessed on 28 August 2021). [CrossRef]

	



Camilleri, M. The Leaky Gut: Mechanisms, Measurement and Clinical Implications in Humans. Gut 2019, 68, 1516. Available online: /pmc/articles/PMC6790068/ (accessed on 28 August 2021). [CrossRef]

	



Moschonis, G.; Tanagra, S.; Vandorou, A.; Kyriakou, A.E.; Dede, V.; Siatitsa, P.E.; Koumpitski, A.; Androutsos, O.; Grammatikaki, E.; Kantilafti, M.; et al. Social, economic and demographic correlates of overweight and obesity in primary-school children: Preliminary data from the Healthy Growth Study. Public Health Nutr. 2010, 13, 1693–1700. Available online: https://www.cambridge.org/core/journals/public-health-nutrition/article/social-economic-and-demographic-correlates-of-overweight-and-obesity-in-primaryschool-children-preliminary-data-from-the-healthy-growth-study/73801A9C7D0D0A3E2CA5873F7373042D (accessed on 30 August 2021). [CrossRef]

	



Moschonis, G.; van den Heuvel, E.; Mavrogianni, C.; Singh-Povel, C.; Leotsinidis, M.; Manios, Y. Associations of Milk Consumption and Vitamin B₂ and Β 12 Derived from Milk with Fitness, Anthropometric and Biochemical Indices in Children: The Healthy Growth Study. Nutrients 2016, 8, 634. Available online: https://pubmed.ncbi.nlm.nih.gov/27754376/ (accessed on 9 July 2021).

	



Moschonis, G.; Georgiou, A.; Sarapi, K.; Manios, Y. Association of distorted eating behaviors with cardiometabolic risk indices in preadolescents: The Healthy Growth Study. Appetite 2015, 91, 35–40. [Google Scholar] [CrossRef]

	



van Strien, T.; Oosterveld, P. The children’s DEBQ for assessment of restrained, emotional, and external eating in 7- to 12-year-old children. Int. J. Eat. Disord. 2008, 41, 72–81. Available online: https://onlinelibrary.wiley.com/doi/full/10.1002/eat.20424 (accessed on 28 August 2021). [CrossRef] [PubMed]

	



Maloney, M.J.; Mcguire, J.B.; Daniels, S.R. Reliability Testing of a Children’s Version of the Eating Attitude Test. J. Am. Acad Child. Adolesc. Psychiatry 1988, 27, 541–543. Available online: /record/1989-17614-001 (accessed on 15 March 2021). [CrossRef] [PubMed]

	



Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr. Obes. 2012, 7, 284–294. Available online: https://pubmed.ncbi.nlm.nih.gov/22715120/ (accessed on 17 March 2021). [CrossRef] [PubMed]








[image: Table] 





Table 1. Anthropometric data and adipokine levels according to Tanner Stage (TS) of maturation in 10–11-year-old girls (N = 1206).
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	TS1 (Mean ± SD)
	TS2 (Mean ± SD)
	TS3 (Mean ± SD)
	TS4 (Mean ± SD)
	TS5 (Mean ± SD)
	p-Value





	N = 1206
	261
	469
	314
	132
	30
	



	Age (years)
	10.6 ± 0.6 a,b,c,d
	11.1 ± 0.7 a,e,f,g
	11.4 ± 0.6 b,e
	11.5 ± 0.7 c,f
	11.7 ± 0.6 d,g
	0.001 +



	Weight (kg)
	37.6 ± 8.8 a,b,c,d
	43.9 ± 9.4 a,e,f,g
	49 ± 10.4 b,e,h,i
	52.1 ± 10.2 c,f,h
	55.7 ± 8.8 d,g,i
	0.001 +



	Height (cm)
	142.6 ± 7.3 a,b,c,d
	148.3 ± 6.9 a,e,f,g
	152.8 ± 6.8 b,e,h,i
	155 ± 7.1 c,f,h
	156.6 ± 5.7 d,g,i
	0.001 +



	BMI
	18.4 ± 3.3 a,b,c,d
	19.9 ± 3.6 a,e,f,g
	20.9 ± 3.6 b,e
	21.6 ± 3.4 c,f
	22.7 ± 3.3 d,g
	0.001 +



	Leptin (µg/mL)
	8.9 ± 7.5 a,b,c
	11.4 ± 9.5 a,d
	14.1 ± 10.7 b,d
	14 ± 10.3 c
	14.2 ± 8.2
	0.001 +



	Adiponectin *(µg/mL)
	7.8 ± 3.4 a,b
	7.1 ± 3.1 a
	7.2 ± 3.3
	6.8 ± 2.7
	5.6 ± 2.01 b
	0.002 ++







SD = standard deviation; BMI = Body Mass Index, * Variable was log-transformed, + Derived from Kruskal-Wallis Test, ++ Derived from One-way ANOVA; Differences annotated with the same letter (a to i) are statistically significant after Bonferroni correction.
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Table 2. Mean scores on components of Dutch Eating Behavior Questionnaire (DEBQ) and Children’s Eating Attitudes Test (ChEAT) according to Tanner Stage (TS) of maturation in 10–11-year-old girls (N = 1206).
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Components of Eating

Questionnaires

	
TS 1 (Mean ± SD)

	
TS 2 (Mean ± SD)

	
TS 3 (Mean ± SD)

	
TS 4 (Mean ± SD)

	
TS 5 (Mean ± SD)

	
p-Value ++






	
DEBQ




	
Emotional eating score

	
22.86 ± 11.58

	
22.88 ± 9.64

	
23.51 ± 9.73

	
21.92 ± 9.12

	
20.48 ± 6.54

	
0.38




	
External eating score

	
24.81 ± 6.74

	
24.51 ± 9.14

	
24.45 ± 6.41

	
23.95 ± 6.68

	
23.04 ± 5.93

	
0.43




	
Restraint eating score

	
24.66 ± 9 a,b

	
26.56 ± 9.83

	
27.22 ± 9.15 a

	
29.09 ± 9.05 b

	
29.1 ± 8.83

	
<0.01




	
ChEAT




	
Total dieting score

	
6.73 ± 3.71

	
7.08 ± 3.73

	
7.27 ± 3.83

	
7.42 ± 3.46

	
7.8 ± 3.81

	
0.11




	
Total body image score

	
10.2 ± 5.06 a,b,c

	
11.54 ± 4.77 a

	
12.07 ± 4.87 b

	
12.75 ± 4.52 c

	
12 ± 4.74

	
<0.01




	
Total food preoccupation score

	
6.71 ± 3.41

	
6.61 ± 3.23

	
6.67 ± 3.53

	
6.61 ± 3.12

	
6.1 ± 3.1

	
0.91




	
Total food awareness

	
9.18 ± 3.75

	
9.04 ± 3.8

	
8.93 ± 3.61

	
9.45 ± 3.51

	
8.31 ± 3.19

	
0.51




	
Total social pressure to eat score

	
5.47 ± 3.05 a,b,c

	
5 ± 3.14

	
4.68 ± 2.93 a

	
4.43 ± 2.92 b

	
4 ± 2.75 c

	
<0.01








SD = standard deviation, Differences annotated with the same letter are statistically significant after Bonferroni correction, ++ Derived from Kruskal-Wallis Test; Differences annotated with the same letter (a to c) are statistically significant after Bonferroni correction.
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Table 3. Crude b association between scores on the components of the Dutch Eating Behavior Questionnaire (DEBQ) and the Children’s Eating Attitudes Test (ChEAT) and the serum levels of adipokines in 10–12-year-old girls (N = 1206).
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Components of Eating Questionnaires

	
ADIPONECTIN a (µg/mL)

	
LEPTIN a (µg/mL)






	

	
β

	
p-Value

	
β

	
p-Value




	
DEBQ components




	
Emotional eating score a

	
0.04

	
0.33

	
−0.03

	
0.63




	
External eating score a

	
0.08

	
0.12

	
−0.34

	
<0.01




	
Restraint eating score a

	
−0.06

	
0.14

	
0.84

	
<0.01




	
ChEAT components




	
Total dieting score a

	
−0.04

	
0.13

	
0.52

	
<0.01




	
Total body image score a

	
-0.03

	
0.20

	
0.60

	
<0.01




	
Total food preoccupation score a

	
0.02

	
0.52

	
0.07

	
0.21




	
Total food awareness a

	
−0.02

	
0.58

	
0.25

	
<0.01




	
Total social pressure to eat score a

	
0.08

	
<0.01

	
−0.39

	
<0.01








β: unstandardized beta coefficient, a Variable was log-transformed, b Crude associations include one dependent variable and one independent variable without adjustment for any confounder.
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Table 4. Adjusted association b between scores on the Dutch Eating Behavior Questionnaire (DEBQ) and Children’s Eating Attitudes Test (ChEAT) and serum levels of adiponectin and leptin in 10–11-year-old girls (N = 1206).
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ADIPONECTIN a (mg/mL)

	
LEPTIN a (mg/mL)






	

	
β

	
p-Value

	
β

	
p-Value




	
DEBQ components




	
Emotional eating score a

	
0.01

	
0.60

	
0.02

	
0.38




	
External eating score a

	
0.02

	
0.51

	
−0.01

	
0.90




	
Restraint eating score a

	
0.05

	
0.15

	
0.02

	
0.29




	
ChEAT components




	
Total dieting score a

	
0.04

	
0.19

	
0.01

	
0.55




	
Total body image score a

	
0.06

	
0.06

	
0.05

	
0.02




	
Total food preoccupation score a

	
0.02

	
0.42

	
0.01

	
0.65




	
Total food awareness a

	
0.02

	
0.50

	
−0.01

	
0.81




	
Total social pressure to eat score a

	
0.04

	
0.21

	
0.03

	
0.11








β: unstandardized beta coefficient, a Variable was log-transformed, b Adjusted for age, BMI.
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