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Abstract

:

Emotional eating is associated with an increased risk of binge eating, eating in the absence of hunger and obesity risk. While previous studies with children and adolescents suggest that emotion regulation may be a key predictor of this dysregulated eating behavior, little is known about what other factors may be influencing the link between emotional regulation and emotional eating in adolescence. This multi-method longitudinal study (n = 138) utilized linear regression models to examine associations between childhood emotion regulation, adolescent weight status and negative body image, and emotional eating at age 17. Emotion regulation predicted adolescent emotional eating and this link was moderated by weight status (β = 1.19, p < 0.01) and negative body image (β = −0.34, p < 0.01). Higher engagement in emotional eating was predicted by lower emotional regulation scores among normal-weight teens (β = −0.46, p < 0.001) but not among overweight/obese teens (β = 0.32, p > 0.10). Higher scores on emotion regulation were significantly associated with lower emotional eating at high (β = −1.59, p < 0.001) and low (β = −1.00, p < 0.01) levels of negative body image. Engagement in emotional eating was predicted by higher negative body image among overweight/obese teens only (β = 0.70, p < 0.001). Our findings show that while better childhood emotion regulation skills are associated with lower emotional eating, weight status and negative body image influence this link and should be considered as important foci in future interventions that aim to reduce emotional eating in adolescence.
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1. Introduction


Emotional eating is defined as “the use of food as a coping mechanism when faced with stress or negative feelings” in the current literature [1,2,3]. While most of the previous studies report on emotional eating in response to negative affect, such as sadness or anger, a recent systematic review suggests that individuals may also engage in emotional eating when they are experiencing positive feelings, such as joy or excitement [1,4]. Regardless of the type of affect individuals respond to, emotional eating has been associated with greater adiposity and higher Body Mass Index (BMI) [5,6]. Emotional eating has also been linked to behaviors that may contribute to increased risk of obesity overtime, including binge eating and loss of control over eating [7,8]. Emotional eating was also identified as a key mediator between depression and obesity [9]. Furthermore, emotional eating is strongly correlated with poor dietary intake outcomes, including higher intakes of added sugars and fat. These findings are not surprising since emotional eaters tend to turn to high-energy and low-nutrient density foods in their response to their emotional feelings [10,11,12].



Among young children, decreased appetite is a typical response to stress [13]. However, research suggests that more than 60% of 5–13-year-old children report eating in response to mood states [14]. More importantly, emotional eating is believed to increase substantially between childhood and adolescence [9,13,15,16]. Some argue that this increase is due to pubertal hormones that begin to influence appetite and body weight [15]. Given the strong associations between emotional eating, poor dietary outcomes, and higher obesity risk [5,6,17], further research is warranted to identify and better understand predictors and correlates of emotional eating in adolescence.



1.1. Emotional Eating and Emotion Regulation


Emotion regulation is a form of self-regulation that has been implicated not only in obesity research, but also in studies related to depression and eating behaviors [18,19,20,21,22,23]. Emotion regulation is defined as behaviors, skills, and/or strategies that are used to modulate emotional experiences and expressions, with these behaviors and/or skills being either conscious or unconscious, and either automatic or effortful [24]. Poor emotion regulation in children has been identified as a predictor of high-risk behaviors (i.e., substance abuse) [25], mental health problems [26], and a higher risk of becoming overweight or obese [20,22]. In a conceptual framework developed by Aparicio et al. [17], the link between emotional dysregulation and obesity is mediated by engagement in emotional eating.



A number of previous studies have found associations between poor emotion regulation and dysregulated eating behaviors. While many of these findings come from samples of adults [4,27], a few studies have examined the associations between emotion regulation and emotional eating among children and adolescents [5,28,29,30]. For instance, Harrist et al. [28] found that poor emotion regulation skills, specifically reactivity to anger and worry, predicted greater increases in emotional eating between second and third grade in a sample of 782 children. Furthermore, our own recent work utilizing a path analyses in a community sample of adolescents found that emotion regulation predicted adolescent adiposity via the mediating effect of emotional eating [5]. While there is growing evidence that emotion regulation influences eating behaviors among children and adolescents [5,28], it is likely there are important personal, physical and/or social factors that also influence the degree to which some adolescents may engage in more emotional eating than others.




1.2. Weight Status, Body Image and Emotional Eating


Adolescence represents a unique developmental period that is marked by increased independence in daily decisions, and the growing influence of peers over parents on one’s attitudes and beliefs, including those related to overall self-esteem and body image [31,32,33,34]. Thompson et al. [35] defines body image as one’s subjective assessment of his/her own appearance. Studies indicate that body dissatisfaction begins to increase as children get older and poor body esteem increasingly becomes a risk factor for a variety of unhealthy behaviors, including dieting, disordered eating and substance abuse during adolescence [31]. As such, negative body image has emerged as an important contributor to both physical and psychosocial functioning among adolescents and young adults in previous research [36,37,38,39]. In fact, higher BMI predicts body dissatisfaction [40] and overweight and obese individuals tend to have higher levels of body dissatisfaction compared to their normal-weight peers [41]. Furthermore, other studies have shown that body dissatisfaction predicts overweight/obesity [42]. Since body dissatisfaction encompasses negative feelings related to one’s body and/or appearance [43,44], it may trigger eating in the absence of hunger as a response to the negative feelings. This notion is supported by findings from previous studies that found higher levels of emotional eating among overweight and obese children compared to their normal weight peers [30,43]. Therefore, it is likely that emotion regulation, weight status and negative body image interact to affect engagement in emotional eating. To our knowledge, previous research has not directly examined these associations in children or adolescents.




1.3. Rationale and Study Aims


Adolescence is a unique developmental period in which individuals continue to refine lifestyle habits that influence their long-term health outcomes [1,5,28,45]. Because emotional eating is a dysregulated behavior linked with greater obesity risk and a number of additional negative health-related outcomes, it is critical to better understand the factors that may predispose some adolescents to emotional eating while keeping others protected. Since individuals’ ability to regulate their emotions is largely developed and relatively stable by middle-childhood [46,47], research is warranted to examine whether emotion regulation deficits in middle-childhood may represent an early intervention target for decreasing the risk of future emotional eating during adolescence. Given the increasing emotional and psychological stress related to weight status and body image that children experience [44], adolescence is the ideal developmental period to study these factors. The purpose of the current study was to examine associations between childhood emotion regulation, adolescent weight status and negative body image, and adolescent emotional eating in a community sample of adolescence. The current study utilized a multi-method longitudinal study to: (1) examine whether childhood emotion regulation at age 7 is associated with emotional eating at age 17; (2) examine whether weight status in mid-adolescence (age 15) moderates the association between age 7 emotion regulation and emotional eating at age 17; (3) examine whether age 15 negative body image moderates the association between emotion regulation and emotional eating; and (4) whether age 17 weight status moderates the association between age 15 negative body and age 17 emotional eating.





2. Materials and Methods


Data for the current analyses came from an original sample of 445 who began to participate in a longitudinal study called the RIGHT Track study, and later as the RIGHT Track Health project [48,49]. Participants were recruited when they were 2 years of age in childcare centers, the County Health Department, and the local Women, Infants, and Children program. Participants and their mothers participated in the ongoing longitudinal study beginning at age 2 through adolescence. The original sample (at age 2) was racially/ethnically diverse; 64.1% of the children were European American, 29.9% African American, 3.6% biracial, and 2.4% identified as other race/ethnicity. Additional details about sample recruitment and the child and adolescent health assessments are described elsewhere [48,49].



The study was approved by the University Institutional Review Board at the University of North Carolina Greensboro, NC, USA. Data for the current study came from data collection at the following 3 time points: age 7, age 15, and age 17. Each visit included participants (or their parents when appropriate) completing questionnaires, and a variety of anthropometric, physiological and metabolic assessments. Questionnaire packets were mailed to the parents and/or participants who could not complete a lab visit each of the time points. Parents provided consent and the children provided assent, when appropriate, prior to any data collection. The demographic and socioeconomic characteristics [i.e., socioeconomic status (SES)] of the sample were obtained from data collected at the 15-year visit. Participants’ SES was calculated using data from the 15-year visit by calculating the Hollingshead index [49,50]. The main variables and measures relevant for the current study are described below.



Emotional eating was measured using the Three Factor Eating Questionnaire (TFEQ) and completed by the adolescent participants as part of their 17-year visit [51]. The TFEQ questionnaire was validated for ages 12 and up and has been used extensively in previous research with adolescents while demonstrating good reliability [51,52]. The emotional eating subscale (3 items; α = 0.80) measures participants’ eating behavior in relation to negative emotions (e.g., “When I feel lonely, I console myself by eating;” “When I feel anxious, I find myself eating; “When I feel blue, I often overeat”) and has demonstrated reliability and validity [53]. Responses were dichotomized and coded as 0 and 1. The mean emotional eating score from the three items was then calculated, with higher scores indicating a greater level of engagement in emotional eating.



Childhood emotion regulation was assessed by maternal report at age 7 using the Emotion Regulation Checklist (ERC) [54]. The ERC is a 24-item measure that evaluates children’s emotion regulation by caregivers reporting on the frequency of certain child behaviors on a scale 1 to 4 (1 = never, 2 = sometimes, 3 = often, 4 = almost always). The Emotion Regulation subscale (8 items; α = 0.66) was used to assess children’s emotion regulation skills (e.g., “Is empathetic towards others;” “Can say when she/he is feeling sad, angry or mad, fearful or afraid”). The ERC is a widely used and validated measure of emotion regulation and has been used extensively in previous research with samples of young children [54,55,56].



At age 15, participants completed a lab visit during which their height and weight were measured using standard procedures [49]. Height was measured using a wall-mounted stadiometer and weight was measured using a beam balance scale. For the purposes of the current analyses, participants were classified into three weight status categories in our sample using the BMI-for-age percentiles: (1) healthy weight = 5th to less than the 85th percentile; overweight = 85th to less than 95th percentile; obese = equal or greater than the 95th percentile [57].



Negative body image was assessed using the Body Image and Eating Questionnaire (BIEQ) [58]. The BIEQ is a 14-item measure that was designed to assess specific eating behaviors and body image concerns in youth, with established face validity and good reliability (α ranging from 0.70 to 0.90). For the purposes of the current study, a new 5-item subscale called “negative body image” was created by summing participant responses to the following items: (1) Have you ever thought that you needed to lose weight? Response options: yes/no; (2) Do you think you are fat? Response options: yes/no; (3) I am bothered about how my body looks; response options: never, sometimes, a lot, always; (4) I am bothered because I think I am too fat. Response options: never, sometimes, a lot, always; (5) Do you wish you were thinner? Response options; yes/no. The reliability of the subscale in our sample was high (α = 0.85).



Data from all participants who provided information on the variables of interest during at least two of the three time points were included in the final analyses. Descriptive statistics (i.e., means, SD, frequencies) were used to describe the sample characteristics. Bivariate correlations were utilized to examine the initial associations between the main variables of interest. Multiple regression analyses were performed to examine the interaction effects of childhood emotion regulation, adolescent negative body image and weight status on emotional eating, controlling for SES and gender. To avoid multicollinearity, predictor variables were centered and then multiplied to create interaction terms. Gender and SES were entered as control variables in the first step. In the second step, emotion regulation, negative body image, and weight status were entered, followed by the two-way interactions between emotion regulation and negative body image, emotion regulation and weight status, and negative body image and weight status in the third step. Follow-up tests of significant interactions were probed such that associations between emotion regulation and weight status and negative body image and weight status were examined at the levels of normal weight and overweight/obese status. The associations between emotion regulation and negative body image were examined at low [−1 standard deviation (SD)], mean, and high (+1 SD) levels of negative body image [59]. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) (IBM, version 26; Chicago, IL, USA). Statistical significance was set at p < 0.05 for all analyses.




3. Results


Sample Characteristics and Main and Moderating Effects


Data from a total of 138 participants were included in the current study. Descriptive statistics and bivariate correlations among study variables can be found in Table 1. The mean SES (15 year) score measured by the Hollingshead index was 45.3 (range 13.5–66.0). The sample was comprised of 52 males and 86 females, with 63% identifying as White, 32% identifying as African American/Black, and 5% identifying as multi-race/other. Ninety-five participants were categorized as normal weight (69%) and 43 participants were overweight/obese (31%) using the established BMI-for-age percentile cut offs [57]. There were no significant gender differences in emotional eating by weight status. However, significant gender differences emerged for negative body image (t = −5.95, p < 0.001). Females showed significantly higher levels of negative body image in our sample. Interestingly, however, sex-specific correlations revealed only one significant association among study variables: negative body image and emotional eating was significant for males (r = 0.44, p < 0.05). SES and emotion regulation were correlated (r = 0.22, p < 0.05). Thus, gender and SES were entered as control variables. Multiple regression analyses were performed to examine the interactive effects of childhood emotion regulation, adolescent negative body image, and adolescent weight status in predicting adolescent emotional eating. The three-way interaction between emotion regulation, negative body image, and weight status was also initially included; however, it was non-significant and so it was removed for parsimony.



Main effects were revealed for emotion regulation (β = −1.30, p < 0.001) and weight status (β = −0.28, p < 0.05) in predicting emotional eating (Table 2). These effects were qualified by significant interactions between emotion regulation and negative body image (β = −0.34, p < 0.01) and emotion regulation and weight status (β = 1.19, p < 0.01). There was also a marginally significant interaction effect between negative body image and weight status (β = 0.67, p = 0.06) (Table 2). Follow-up analyses revealed that at high (β = −1.59, p < 0.001) and low (β = −1.00, p < 0.01) levels of negative body image, the relation between emotion regulation and emotional eating were significant. As emotion regulation increased, adolescents who showed low and high levels of negative body image were less likely to report they were engaging in emotional eating (Figure 1). Additionally, follow-up analyses indicated that for normal weight (β = −0.46, p < 0.001), but not overweight/obese adolescents (β = 0.32, p > 0.10), the association between emotion regulation and emotional eating was significant. For normal weight adolescents, as emotion regulation increased, they were less likely to engage in emotional eating. Finally, although the weight status by negative body image was marginally significant, given our hypotheses regarding this association the interaction was probed. Follow-up analyses indicated that for overweight/obese adolescents (β = 0.70, p < 0.001), but not normal weight adolescents (β = 0.19, p > 0.10), greater negative body image was associated with more emotional eating.





4. Discussion


The primary purpose of the current study was to examine the main and interactive effects of childhood emotion regulation, adolescent weight status and body image in predicting emotional eating at age 17. We found that poor emotion regulation in childhood predicted higher levels of emotional eating engagement in late adolescence and that this association was differentiated by both weight status and negative body image at age 15. While there is a growing body of literature on the role of emotion regulation in obesity development, our study highlights that individuals’ emotion regulation deficits could be targeted in future interventions as early as during middle-childhood as a way to prevent and/or reduce the risk of emotional eating in later adolescence. Our findings also point to the importance of also considering contextual factors during mid-adolescence that may also further shape the influence of emotion regulation on individuals’ reliance on food consumption as a coping mechanism when faced with stress and/or negative feelings during late adolescence.



Previous research suggests that while emotional eating is fairly low in children, it becomes more prevalent during the adolescent years, and is common among adults and those who are overweight or obese [9,13,60]. Our findings indicate that childhood emotion regulation skills, beginning as early as the elementary school years, have a strong influence on emotional eating in late adolescence. While many experts suggest that emotion regulation may be an effective target for childhood obesity prevention programs [17], most of the current knowledge on emotion regulation and eating behaviors has, so far, come from studies with adults, overweight or obese samples, or clinical populations [60,61]. Thus, findings of the current study provide additional evidence that childhood emotion regulation plays a critical role in shaping later emotional eating, a dysregulated eating behavior that has been closely associated with higher adiposity and increased obesity risk in adolescence and adulthood [5,62]. Furthermore, it builds upon our previous work, which identified that increased engagement in emotional eating is one mechanism by which adolescents who have poor emotion regulation skills are at risk for obesity [5].



Despite the growing evidence that emotion regulation plays an important role in the development of healthy eating behaviors and obesity prevention [5,28,60], psychological and other individual-level factors that may influence these associations have not been well studied. The current study extends the existing literature on emotional eating in adolescence by identifying adolescent negative body image and weight status as important factors that influence for whom childhood emotion regulation most strongly predicts emotional eating in late adolescence. In the current study, poor emotion regulation skills were associated with higher levels of emotional eating at both low and high levels of negative body image. However, this effect was stronger among those with a high negative body image, indicating that individuals with better childhood emotion regulation skills are even more protected from engaging in emotional eating when they possess a high body esteem/positive body image by mid-adolescence. Although a number of interventions targeting body image in youth have been developed [63,64,65], further efforts are warranted to develop effective and holistic programs that promote positive body image and prevent body dissatisfaction prior to adolescence [66]. This additional work is especially important in light of previous studies that detected emerging differences in body esteem by gender, weight status and parenting feeding practices in children as young as 6 to 8 years old [67,68].



Existing empirical work with adolescents indicates that body dissatisfaction is prevalent during this unique developmental period, with up to 46% of girls and 26% of boys reporting some degree of dissatisfaction with their bodies [31,69,70]. This is of great concern because body dissatisfaction has been also linked to an increased risk of disordered eating in adolescents [69]. In a study of 2516 adolescents, lower body satisfaction was associated with a variety of unhealthy weight-controlled behaviors, such as the use of diet pills and meal skipping [69]. Binge eating was also correlated with lower body satisfaction in this study, which is not surprising because periods of excessive restriction are often followed by episodes of overeating [69]. In our sample, girls reported a higher negative body image than boys, which was expected and consistent with findings from previous research with this age group [44]. Although the prevalence of negative body image across both sexes tends to increase between childhood and mid-adolescence, interestingly, recent research shows that it remains fairly stable after mid-adolescence. A longitudinal study of 1455 middle- and high-school students who were followed 5, 10 and 15 years later found that body dissatisfaction was relatively stable between mid-adolescence and adulthood for most individuals [44]. In our sample, after controlling for gender and SES, high levels of negative body image at age 15 were associated with greater engagement in emotional eating during late adolescence, but only among overweight/obese individuals. Although the association between body dissatisfaction and BMI and/or weight is complex, our finding indicates that overweight and obese teens are more vulnerable, perhaps via additional peer or parental influences, to the adverse effects of negative body image on their emotional eating [60]. Nonetheless, previous research and the findings of the current study suggest that the critical window for optimizing emotion regulation skills, promoting positive body image and minimizing body dissatisfaction appears to be during childhood and early adolescence [44]. Future obesity and disordered eating prevention efforts should include not only nutrition education, promotion of positive body image and behavioral strategies for healthy lifestyle behaviors, but also emotion regulation education and support so children can learn how to better recognize different emotions, utilize a variety of strategies to manage their emotions and thus avoid using food as a coping mechanism in the future.



The current study contributes significantly to the existing research in this area and has several notable strengths. First, the study utilized data from a diverse community sample of adolescents. The richness of the data is unique and allowed for in-depth examination of the associations between the target constructs of emotion regulation, negative body image, weight status and emotional eating with data collected at different ages. Second, the longitudinal design with multiple data collection time points between ages 7 and 17 allowed us to test main and moderating effects of childhood emotion regulation while also examining the effects of weight status and negative body image in mid-adolescence on emotional eating in late adolescence, which represents a unique approach in the existing literature. The study also had some limitations. The assessment of emotion regulation was based on maternal report and not an observational measure. Emotional eating was based on participants’ self-report and thus was subject to a certain level of bias. However, the adolescent subscale of emotional eating utilized in the study, from the Three Factor Eating Questionnaire (TFEQ), was validated and used in previous studies with similar sample characteristics. Negative body image in the current study was assessed using a new subscale created from the Body Image and Eating Questionnaire (BIEQ) items that were administered as part of the original longitudinal study. Further research on negative body image in this population should examine this construct utilizing one of the existing multi-dimensional measures of body image. Given the differences in societal standards of beauty for females and males, the use of gender-specific measures of body image and/or body satisfaction is warranted in future research to better understand how gender influences emotional eating and other food- and weight-related behaviors. Given the limitations of our sample, additional analyses related to race/ethnicity were not feasible in the current study. However, given the reported differences in obesity risk as well as body satisfaction between racial/ethnic groups in the U.S., future investigations are warranted to examine the role of race/ethnicity in the development of adolescent emotional eating [31,71,72]. Lastly, parental and peer variables and additional personal constructs (i.e., history of dieting) were not considered in the models that were tested and future research should examine these as they may play important roles in the development of emotional eating in adolescence.




5. Conclusions


Obesity continues to represent a major public health issue in the U.S. [71,72]. Recent projections suggest that nearly 50% of today’s children will become obese by age 35 [73]. At the same time, emotional eating has been established as one of the contributing factors to unhealthy dietary patterns and increased obesity risk among children and adolescents [5,29,47]. Because lifestyle habits, including eating behaviors, continue to be shaped into young adulthood, it is critical that we develop a better understanding of factors that may prevent emotional eating in youth. The current study shows that development of high emotion regulation skills by middle-childhood, early prevention of overweight/obesity and promotion of body satisfaction represent positive cognitive, behavioral and/or psychological factors that may protect children from engaging in emotional eating later in adolescence. To date, most obesity prevention and treatment programs in youth have had limited success, largely focusing on calorie-reduced diets and/or increasing physical activity [9]. While these are important components of healthy weight management programs, ongoing interdisciplinary research has made it increasingly clear that future interventions must also include specific components that address key cognitive, behavioral and psychological processes related to eating behaviors and psychological health [9,29,74]. The findings of the current study provide additional evidence for such steps and highlight the importance of childhood emotion regulation, weight status and negative body image in the development of dysregulated eating in late adolescence.







Author Contributions


Conceptualization, L.H.S. and J.M.D.; methodology, L.H.S., J.M.D., L.W., S.D.C., S.P.K. and L.S.; formal analysis, J.M.D.; writing—original draft preparation, L.H.S. and J.M.D.; writing—review and editing, all co-authors; conceptualization, design and funding acquisition for the original study, L.W., L.S., S.D.C. and S.P.K. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human Development of the National Institutes of Health under award number R01HD078346 [PI; Wideman] and by NIH award number DK56350 to the Nutrition Obesity Research Center (NORC) at the University of North Carolina Chapel Hill. The historic data collection was funded by NIMH 55625, NIMH 55584 and NIMH 58144 (PI; Calkins). The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of the University of North Carolina Greensboro [#11-0360 for the RIGHT Track Health study (PI: Wideman; approved in 2011); #09-0427 for the RIGHT Track study (PI: Calkins; approved in 1997)].




Informed Consent Statement


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




Data Availability Statement


The data presented in the current study are not publicly available due to the stipulations related to privacy and confidentiality in the approved IRB protocol. However, the data are available upon request from the corresponding author (LHS).




Acknowledgments


We would like to thank families that have participated in the RIGHT Track and the RIGHT Track Health studies.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Devonport, T.J.; Nicholls, W.; Fullerton, C. A systematic review of the association between emotions and eating behaviour in normal and overweight adult populations. J. Health Psychol. 2017. [Google Scholar] [CrossRef] [PubMed]

	



Thayer, R.E. Calm Energy: How People Regulate Mood with Food and Exercise; Oxford University Press: Oxford, UK, 2003. [Google Scholar]

	



Macht, M. How emotions affect eating: A five-way model. Appetite 2008, 50. [Google Scholar] [CrossRef] [PubMed]

	



Evers, C.; Stok, F.; de Ridder, D.T.D. Feeding your feelings: Emotion regulation strategies and emotional eating. Personal. Soc. Psychol. Bull. 2010. [Google Scholar] [CrossRef] [PubMed]

	



Shriver, L.; Dollar, J.; Lawless, M.; Calkins, S.; Keane, S.; Shanahan, L.; Wideman, L. Longitudinal Associations between Emotion Regulation and Adiposity in Late Adolescence: Indirect Effects through Eating Behaviors. Nutrients 2019, 11, 517. [Google Scholar] [CrossRef] [PubMed]

	



Van Strien, T.; Konttinen, H.; Homberg, J.R.; Engels, R.C.M.E.; Winkens, L.H.H. Emotional eating as a mediator between depression and weight gain. Appetite 2016. [Google Scholar] [CrossRef] [PubMed]

	



Goossens, L.; Braet, C.; Van Vlierberghe, L.; Mels, S. Loss of control over eating in overweight youngsters: The role of anxiety, depression and emotional eating. Eur. Eat. Disord. Rev. 2009. [Google Scholar] [CrossRef] [PubMed]

	



Katterman, S.N.; Kleinman, B.M.; Hood, M.M.; Nackers, L.M.; Corsica, J.A. Mindfulness meditation as an intervention for binge eating, emotional eating, and weight loss: A systematic review. Eat. Behav. 2014. [Google Scholar] [CrossRef]

	



Van Strien, T. Causes of Emotional Eating and Matched Treatment of Obesity. Curr. Diabetes Rep. 2018, 18. [Google Scholar] [CrossRef]

	



Baños, R.M.; Cebolla, A.; Moragrega, I.; Van Strien, T.; Fernández-Aranda, F.; Agüera, Z.; de la Torre, R.; Casanueva, F.F.; Fernández-Real, J.M.; Fernández-García, J.C.; et al. Relationship between eating styles and temperament in an Anorexia Nervosa, Healthy Control, and Morbid Obesity female sample. Appetite 2014. [Google Scholar] [CrossRef]

	



Michels, N.; Sioen, I.; Braet, C.; Eiben, G.; Hebestreit, A.; Huybrechts, I.; Vanaelst, B.; Vyncke, K.; De Henauw, S. Stress, emotional eating behaviour and dietary patterns in children. Appetite 2012. [Google Scholar] [CrossRef]

	



Nguyen-Michel, S.T.; Unger, J.B.; Spruijt-Metz, D. Dietary correlates of emotional eating in adolescence. Appetite 2007. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Shapiro, J.R.; Woolson, S.L.; Hamer, R.M.; Kalarchian, M.A.; Marcus, M.D.; Bulik, C.M. Evaluating binge eating disorder in children: Development of the children’s binge eating disorder scale (C-BEDS). Int. J. Eat. Disord. 2007. [Google Scholar] [CrossRef] [PubMed]

	



Klump, K.L.; O’Connor, S.M.; Hildebrandt, B.A.; Keel, P.K.; Neale, M.; Sisk, C.L.; Boker, S.; Burt, S.A. Differential effects of estrogen and progesterone on genetic and environmental risk for emotional eating in women. Clin. Psychol. Sci. 2016, 4. [Google Scholar] [CrossRef] [PubMed]

	



Sleddens, E.F.C.; Kremers, S.P.J.; Thijs, C. The Children’s Eating Behaviour Questionnaire: Factorial validity and association with Body Mass Index in Dutch children aged 6–7. Int. J. Behav. Nutr. Phys. Act. 2008, 5. [Google Scholar] [CrossRef] [PubMed]

	



Aparicio, E.; Canals, J.; Arija, V.; De Henauw, S.; Michels, N. The role of emotion regulation in childhood obesity: Implications for prevention and treatment. Nutr. Res. Rev. 2016, 29, 17–29. [Google Scholar] [CrossRef] [PubMed]

	



Joormann, J.; Gotlib, I.H. Emotion regulation in depression: Relation to cognitive inhibition. Cogn. Emot. 2010. [Google Scholar] [CrossRef]

	



Mannan, M.; Mamun, A.; Doi, S.; Clavarino, A. Prospective Associations between Depression and Obesity for Adolescent Males and Females- A Systematic Review and Meta-Analysis of Longitudinal Studies. PLoS ONE 2016. [Google Scholar] [CrossRef]

	



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

	



Miller, A.L.; Gearhardt, A.N.; Fredericks, E.M.; Katz, B.; Shapiro, L.F.; Holden, K.; Kaciroti, N.; Gonzalez, R.; Hunter, C.; Lumeng, J.C. Targeting self-regulation to promote health behaviors in children. Behav. Res. Ther. 2017. [Google Scholar] [CrossRef]

	



Power, T.G.; Olivera, Y.A.; Hill, R.A.; Beck, A.D.; Hopwood, V.; Garcia, K.S.; Ramos, G.G.; Fisher, J.O.; O’Connor, T.M.; Hughes, S.O. Emotion regulation strategies and childhood obesity in high risk preschoolers. Appetite 2016. [Google Scholar] [CrossRef] [PubMed]

	



Schlam, T.R.; Wilson, N.L.; Shoda, Y.; Mischel, W.; Ayduk, O. Preschoolers’ delay of gratification predicts their body mass 30 years later. J. Pediatrics 2013. [Google Scholar] [CrossRef] [PubMed]

	



Calkins, S.D.; Hill, A. Caregiver Influences on Emerging Emotion Regulation: Biological and Environmental Transactions in Early Development. In Handbook of Emotion Regulation; The Guilford Press: New York, NY, USA, 2007; pp. 229–248. [Google Scholar] [CrossRef]

	



Wills, T.A.; Pokhrel, P.; Morehouse, E.; Fenster, B. Behavioral and Emotional Regulation and Adolescent Substance Use Problems: A Test of Moderation Effects in a Dual-Process Model. Psychol. Addict. Behav. 2011, 25. [Google Scholar] [CrossRef] [PubMed]

	



Braet, C.; Theuwis, L.; Van Durme, K.; Vandewalle, J.; Vandevivere, E.; Wante, L.; Moens, E.; Verbeken, S.; Goossens, L. Emotion Regulation in Children with Emotional Problems. Cogn. Ther. Res. 2014, 38. [Google Scholar] [CrossRef]

	



Gianini, L.M.; White, M.A.; Masheb, R.M. Eating pathology, emotion regulation, and emotional overeating in obese adults with binge eating disorder. Eat. Behav. 2013. [Google Scholar] [CrossRef]

	



Harrist, A.W.; Hubbs-Tait, L.; Topham, G.L.; Shriver, L.H.; Page, M.C. Emotion regulation is related to children’s emotional and external eating. J. Dev. Behav. Pediatrics 2013. [Google Scholar] [CrossRef]

	



Lu, Q.; Tao, F.; Hou, F.; Zhang, Z.; Ren, L.L. Emotion regulation, emotional eating and the energy-rich dietary pattern. A population-based study in Chinese adolescents. Appetite 2016. [Google Scholar] [CrossRef]

	



Braet, C.; Claus, L.; Goossens, L.; Moens, E.; Van Vlierberghe, L.; Soetens, B. Differences in eating style between overweight and normal-weight youngsters. J. Health Psychol. 2008, 13. [Google Scholar] [CrossRef]

	



Bucchianeri, M.M.; Arikian, A.J.; Hannan, P.J.; Eisenberg, M.E.; Neumark-Sztainer, D. Body dissatisfaction from adolescence to young adulthood: Findings from a 10-year longitudinal study. Body Image 2013, 10. [Google Scholar] [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. [Google Scholar] [CrossRef]

	



Ahmed, S.P.; Bittencourt-Hewitt, A.; Sebastian, C.L. Neurocognitive bases of emotion regulation development in adolescence. Dev. Cogn. Neurosci. 2015. [Google Scholar] [CrossRef] [PubMed]

	



Senín-Calderón, C.; Rodríguez-Testal, J.F.; Perona-Garcelán, S.; Perpiñá, C. Body image and adolescence: A behavioral impairment model. Psychiatry Res. 2017, 248. [Google Scholar] [CrossRef] [PubMed]

	



Thompson, J.K.; Heinberg, L.J.; Altabe, M.; Tantleff-Dunn, S. Exacting beauty: Theory, assessment, and treatment of body image disturbance. In Exacting Beauty: Theory, Assessment, and Treatment of Body Image Disturbance; American Psychological Association: Washington, DC, USA, 2004. [Google Scholar] [CrossRef]

	



Bucchianeri, M.M.; Neumark-Sztainer, D. Body dissatisfaction: An overlooked public health concern. J. Public Ment. Health 2014, 13. [Google Scholar] [CrossRef]

	



Mond, J.; Van Den Berg, P.; Boutelle, K.; Hannan, P.; Neumark-Sztainer, D. Obesity, body dissatisfaction, and emotional well-being in early and late adolescence: Findings from the project EAT study. J. Adolesc. Health 2011, 48. [Google Scholar] [CrossRef]

	



Murray, K.; Rieger, E.; Byrne, D. Body image predictors of depressive symptoms in adolescence. J. Adolesc. 2018, 69. [Google Scholar] [CrossRef]

	



Wilson, R.E.; Latner, J.D.; Hayashi, K. More than just body weight: The role of body image in psychological and physical functioning. Body Image 2013, 10. [Google Scholar] [CrossRef]

	



Quick, V.; Eisenberg, M.E.; Bucchianeri, M.M.; Neumark-Sztainer, D. Prospective Predictors of Body Dissatisfaction in Young Adults: 10-Year Longitudinal Findings. Emerg. Adulthood 2013, 1. [Google Scholar] [CrossRef]

	



Harriger, J.A.; Thompson, J.K. Psychological consequences of obesity: Weight bias and body image in overweight and obese youth. Int. Rev. Psychiatry 2012, 24. [Google Scholar] [CrossRef]

	



Loth, K.A.; Watts, A.W.; Van Den Berg, P.; Neumark-Sztainer, D. Does Body Satisfaction Help or Harm Overweight Teens? A 10-Year Longitudinal Study of the Relationship between Body Satisfaction and Body Mass Index. J. Adolesc. Health 2015, 57, 559–561. [Google Scholar] [CrossRef]

	



Braet, C.; Van Strien, T. Assessment of emotional, externally induced and restrained eating behaviour in nine to twelve-year-old obese and non-obese children. Behav. Res. Ther. 1997, 35. [Google Scholar] [CrossRef]

	



Wang, S.B.; Haynos, A.F.; Wall, M.M.; Chen, C.; Eisenberg, M.E.; Neumark-Sztainer, D. Fifteen-Year Prevalence, Trajectories, and Predictors of Body Dissatisfaction from Adolescence to Middle Adulthood. Clin. Psychol. Sci. 2019, 7. [Google Scholar] [CrossRef] [PubMed]

	



Jalo, E.; Konttinen, H.; Vepsäläinen, H.; Chaput, J.P.; Hu, G.; Maher, C.; Maia, J.; Sarmiento, O.L.; Standage, M.; Tudor-Locke, C.; et al. Emotional eating, health behaviours, and obesity in children: A 12-country cross-sectional study. Nutrients 2019, 11, 351. [Google Scholar] [CrossRef] [PubMed]

	



Calkins, S.D.; Perry, N.B. The development of emotion regulation: Implications for child adjustment. In Developmental Psychopathology: Maladaptation and Psychopathology; John Wiley & Sons: Hoboken, NJ, USA, 2016; pp. 187–242. [Google Scholar] [CrossRef]

	



Raffaelli, M.; Crockett, L.J.; Shen, Y.L. Developmental stability and change in self-regulation from childhood to adolescence. J. Genet. Psychol. 2005, 166, 54–76. [Google Scholar] [CrossRef] [PubMed]

	



Calkins, S.D.; Fox, N.A. Self-regulatory processes in early personality development: A multilevel approach to the study of childhood social withdrawal and aggression. Dev. Psychopathol. 2002. [Google Scholar] [CrossRef]

	



Wideman, L.; Calkins, S.D.; Janssen, J.A.; Lovelady, C.A.; Dollar, J.M.; Keane, S.P.; Perrin, E.M.; Shanahan, L. Rationale, design and methods for the RIGHT Track Health Study: Pathways from childhood self-regulation to cardiovascular risk in adolescence. BMC Public Health 2016. [Google Scholar] [CrossRef]

	



Hollingshead, A. Four Factor Index of Social Status; Unpublished Working Paper; Department of Psychology, Yale University: New Haven, CT, USA, 1975. [Google Scholar]

	



Stunkard, A.J.; Messick, S. The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J Psychosom. Res. 1985. [Google Scholar] [CrossRef]

	



Lawless, M.; Shriver, L.H.; Wideman, L.; Dollar, J.; Calkins, S.; Keane, S.; Shanahan, L. Associations between eating behaviors, diet quality and body mass index among adolescents. Eat. Behav. 2020, 36. [Google Scholar] [CrossRef]

	



Bond, M.J.; McDowell, A.J.; Wilkinson, J.Y. The measurement of dietary restraint, disinhibition and hunger: An examination of the factor structure of the Three Factor Eating Questionnaire (TFEQ). Int. J. Obes. 2001. [Google Scholar] [CrossRef]

	



Shields, A.; Cicchetti, D. Emotion regulation among school-age children: The development and validation of a new criterion Q-sort scale. Dev. Psychol. 1997. [Google Scholar] [CrossRef]

	



Crespo, L.M.; Trentacosta, C.J.; Aikins, D.; Wargo-Aikins, J. Maternal emotion regulation and children’s behavior problems: The mediating role of child emotion regulation. J. Child Fam. Stud. 2017, 26, 2797–2809. [Google Scholar] [CrossRef]

	



Graziano, P.A.; Landis, T.; Maharaj, A.; Ros-Demarize, R.; Hart, K.C.; Garcia, A. Differentiating preschool children with conduct problems and callous-unemotional behaviors through emotion regulation and executive functioning. J. Clin. Child Adolesc. Psychol. 2019, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



Kuczmarski, R.R.J.; Ogden, C.L.C.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, K.M.; Mei, Z.; Wei, R.; Curtin, L.R.; Roche, A.F.; Johnson, C.L. 2000 CDC Growth Charts for the United States: Methods and Development; Vital and Health Stat. Series 11, Data from the National Health Survey; Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Health Statistics: Hyattsville, MD, USA, 2002.

	



Thelen, M.H.; Powell, A.L.; Lawrence, C.; Kuhnert, M.E. Eating and Body Image Concern among Children. J. Clin. Child Psychol. 1992, 21. [Google Scholar] [CrossRef]

	



Aiken, L.S.; Stephen, G.; West, R.R. Multiple regression: Testing and interpreting interactions. In Multiple Regression Testing and Interpreting Interactions; SAGE Publications: New York, NY, USA, 1987. [Google Scholar]

	



Vandewalle, J.; Moens, E.; Braet, C. Comprehending emotional eating in obese youngsters: The role of parental rejection and emotion regulation. Int. J. Obes. 2014, 38. [Google Scholar] [CrossRef] [PubMed]

	



Rommel, D.; Nandrino, J.L.; Ducro, C.; Andrieux, S.; Delecourt, F.; Antoine, P. Impact of emotional awareness and parental bonding on emotional eating in obese women. Appetite 2012, 59. [Google Scholar] [CrossRef]

	



Lazarevich, I.; Irigoyen Camacho, M.E.; Velázquez-Alva M del, C.; Zepeda Zepeda, M. Relationship among obesity, depression, and emotional eating in young adults. Appetite 2016, 107. [Google Scholar] [CrossRef]

	



Dunstan, C.J.; Paxton, S.J.; McLean, S.A. An evaluation of a body image intervention in adolescent girls delivered in single-sex versus co-educational classroom settings. Eat. Behav. 2017, 25. [Google Scholar] [CrossRef]

	



Sundgot-Borgen, C.; Friborg, O.; Kolle, E.; Engen KM, E.; Sundgot-Borgen, J.; Rosenvinge, J.H.; Pettersen, G.; Klungland Torstveit, M.; Piran, N.; Bratland-Sanda, S. The healthy body image (HBI) intervention: Effects of a school-based cluster-randomized controlled trial with 12-months follow-up. Body Image 2019, 29. [Google Scholar] [CrossRef]

	



Sundgot-Borgen, C.; Stenling, A.; Rosenvinge, J.H.; Pettersen, G.; Friborg, O.; Sundgot-Borgen, J.; Kolle, E.; Torstveit, M.K.; Svantorp-Tveiten KM, E.; Bratland-Sanda, S. The Norwegian healthy body image intervention promotes positive embodiment through improved self-esteem. Body Image 2020, 35. [Google Scholar] [CrossRef]

	



Bray, I.; Slater, A.; Lewis-Smith, H.; Bird, E.; Sabey, A. Promoting positive body image and tackling overweight/obesity in children and adolescents: A combined health psychology and public health approach. Prev. Med. 2018, 116. [Google Scholar] [CrossRef]

	



Shriver, L.H.; Harrist, A.W.; Page, M.; Hubbs-Tait, L.; Moulton, M.; Topham, G. Differences in body esteem by weight status, gender, and physical activity among young elementary school-aged children. Body Image 2013, 10. [Google Scholar] [CrossRef]

	



Shriver, L.H.; Hubbs-Tait, L.; Harrist, A.W.; Topham, G.; Page, M. Child gender and weight status moderate the relation of maternal feeding practices to body esteem in 1st grade children. Appetite 2015, 89. [Google Scholar] [CrossRef] [PubMed]

	



Neumark-Sztainer, D.; Goeden, C.; Story, M.; Wall, M. Associations between body satisfaction and physical activity in adolescents: Implications for programs aimed at preventing a broad spectrum of weight-related disorders. Eat. Disord. 2004, 12. [Google Scholar] [CrossRef] [PubMed]

	



Presnell, K.; Bearman, S.K.; Stice, E. Risk factors for body dissatisfaction in adolescent boys and girls: A prospective study. Int. J. Eat. Disord. 2004, 36. [Google Scholar] [CrossRef] [PubMed]

	



Hales, C.M.; Fryar, C.D.; Carroll, M.D.; Freedman, D.S.; Ogden, C.L. Trends in obesity and severe obesity prevalence in US youth and adults by sex and age 2018, 2007–2008 to 2015–2016. JAMA 2018, 319. [Google Scholar] [CrossRef]

	



Ogden, C.L.; Fryar, C.D.; Martin, C.B.; Freedman, D.S.; Carroll, M.D.; Gu, Q.; Hales, C.M. Trends in obesity prevalence by race and Hispanic origin—1999–000 to 2017–2018. JAMA 2020, 324. [Google Scholar] [CrossRef]

	



Ward, Z.J.; Long, M.W.; Resch, S.C.; Giles, C.M.; Cradock, A.L.; Gortmaker, S.L. Simulation of Growth Trajectories of Childhood Obesity into Adulthood. N. Engl. J. Med. 2017, 377. [Google Scholar] [CrossRef]

	



Boutelle, K.N.; Braden, A.; Knatz-Peck, S.; Anderson, L.K.; Rhee, K.E. An open trial targeting emotional eating among adolescents with overweight or obesity. Eat. Disord. 2018. [Google Scholar] [CrossRef]








[image: Nutrients 13 00079 g001 550] 





Figure 1. Emotion regulation x negative body image interaction predicts emotional eating. 
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Table 1. Bivariate correlations and descriptive statistics.
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	1
	2
	3
	4





	1. 15 year SES a
	--
	
	
	



	2. 7 year Emotion Regulation
	0.22 *
	--
	
	



	3. 15 year Negative Body Image
	−0.10
	0.01
	--
	



	4. 17 year Emotional Eating
	0.08
	−0.02
	0.25 **
	--



	Mean
	45.26
	3.42
	0.00
	0.41



	Standard Deviation
	12.91
	0.35
	0.83
	0.85



	Minimum
	13.50
	2.75
	−0.87
	0.00



	Maximum
	66.00
	4.00
	1.88
	3.00







Note: ** p < 0.01, * p < 0.05; a socioeconomic status.
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Table 2. Regression analysis on associations between 7 year emotion regulation, 15 year weight status, 15 year negative body image, and 17 year emotional eating.
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	B
	SE (B)
	β





	17 year Emotional Eating a
	
	
	



	Sex
	0.11
	0.18
	0.07



	15 year SES b
	0.01
	0.01
	0.13



	7 year Emotion Regulation
	−3.14
	0.86
	−1.30 ***



	15 year Negative Body Image
	−0.19
	0.33
	−0.19



	17 year Weight Status
	−0.52
	0.24
	−0.28 *



	7 year Emotion Regulation × 15 year Negative Body Image
	−0.98
	0.33
	−0.34 **



	7 year Emotion Regulation × 17 year Weight Status
	2.19
	0.66
	1.19 **



	17 year Weight Status × 15 year Negative Body Image
	0.47
	0.25
	0.67 +







Note: a Outcome Variable; *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10; b socioeconomic status.
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