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Binge Eating Disorder (BED) is a prevalent eating disorder outlined in the DSM-5. Emotional distress (including stress, anxiety, and depression) stands out as a critical risk factor for developing eating disorders, and specifically BED. Recent studies have identified differentiation of self- a family pattern involving the ability to balance emotions and cognitions, as well as intimacy and autonomy—as a factor that exacerbates emotional distress. This relationship highlights the importance of addressing both emotional distress and family dynamics in understanding BED. While associations have been found between work-related factors and family dynamics with emotional distress, there has been limited investigation into the specific risk factors that are uniquely linked to BED. It was hypothesized that differentiation of self would relate to BED symptoms through the mediation of emotional distress and work stress. A systematic sampling method was applied to select a total of 275 participants for this study, with 60% women and 40% men (aged 20–45, M = 32.71, SD = 7.50). The findings suggest that low differentiation of self may increase vulnerability to BED symptoms by increasing susceptibility to emotional distress, including stress in the workplace. In addition, the analyses indicated that women reported higher levels of BED symptoms, while men reported higher levels of differentiation of self. The study sheds light on the contribution of unregulated family and emotional patterns to BED, providing valuable insights for organizations seeking to promote healthier work environments.
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Introduction

The prevalence of eating disorders is steadily increasing among women and men worldwide (1, 2). Among the various eating disorders outlined in the DSM-5 (3), binge eating disorder (BED) is particularly common, with a higher prevalence than anorexia nervosa and bulimia nervosa (4). BED has significant consequences for physical health (5, 6), and is often displayed with mental health disorders, such as anxiety, depression, and suicidal tendencies (7–9).

Research has found emotional distress to be a foremost catalyst of eating disorders (1, 2, 10, 11), particularly with regard to BED. There is also evidence that family dynamics play a crucial role in exacerbating, or conversely alleviating, emotional distress. An essential family pattern associated with both mental and physical health is differentiation of self (DoS). This family pattern entails balancing intimacy and autonomy in interpersonal relationships with significant others. Moreover, within the intrapersonal realm, it involves managing cognitions and emotions during stressful situations (1, 2). A low level of DoS has been associated with emotional distress (1, 2), depressive symptoms (12), somatic symptoms (13), an increased risk of eating disorders (1, 2), work stress, and workplace dysfunction, including diminished job satisfaction (14) and heightened burnout (15).

Despite the extensive evidence, theoretical and empirical literature on the symptoms of BED remains limited (4). Furthermore, only a small number of studies have investigated the factors that may contribute to its escalation (16, 17). Hence, the primary aim of the current study was to elucidate the intricate interplay between these dimensions and to explore whether a low level of DoS would contribute to the amplification of emotional distress and work stress, contributing in turn to the intensification of BED symptoms. In addition to this, considering the gender differences reported in studies on DoS, emotional distress, and, notably, some studies on BED, further investigation is imperative. Hence, another goal is to explore gender differences to ascertain whether, akin to other eating disorders, BED exhibits a higher prevalence among women. Additionally, examining gender differences aims to discern variations in the relationships among the research variables and BED. Exploring variations in the relationships between BED and associated risk factors, such as DoS and emotional distress, is crucial for several reasons. Firstly, understanding how these factors interact differently in individuals with BED can provide insights into the underlying mechanisms and pathways contributing to the development and maintenance of the disorder. Secondly, identifying specific patterns of association between BED and risk factors across genders can help tailor interventions more effectively, considering the unique needs and vulnerabilities of men and women.


BED symptoms

Individuals with BED engage in episodes of extreme food consumption, eating significantly larger amounts of food than the average person under similar circumstances. These episodes involve rapid and secretive eating, a lack of hunger, and a perceived loss of control (18). Feelings of self-disgust, depression, and discomfort due to excessive fullness are common during these episodes (17). BED is not associated with compensatory behaviors like vomiting or excessive exercise (3), though efforts are made to maintain weight and diet (19). Individuals diagnosed with BED are often prone to various health problems, including high cholesterol levels, high blood pressure, and type 2 diabetes. These conditions further elevate the risk of more serious diseases, such as heart disease and stroke (6, 20).

BED has been recognized as a distinct eating disorder in the DSM-5 (3) and is now acknowledged as one of the most prevalent ones. It is estimated to occur among 3.5% of women and 2.0% of men (19), compared to 0.9 and 0.3%, respectively, for anorexia nervosa and 1.5 and 0.5%, respectively, for bulimia nervosa (16). BED typically develops during emerging adulthood, specifically between ages 18 and 26, whereas anorexia nervosa often manifests at an earlier age (18). Indeed, BED is particularly prevalent among young adults (5, 21).

BED is a complex condition influenced by genetic, environmental, and psychological factors. Studies have linked BED to such factors as BMI, metabolic issues, and disrupted hunger and satiety mechanisms (22). Obesity has also been associated with BED (9, 23).

Recent research has highlighted the significant contribution of emotional factors to BED. Emotional distress is considered crucial to the development and persistence of BED (7, 24). Individuals with BED may be at increased risk of suicide attempts (8), and more than half (58%) the individuals diagnosed with BED seek therapy (6).



Emotional distress

Emotional distress encompasses symptoms of depression, anxiety, and stress, reflecting a state of emotional suffering. It arises from perceived difficulties in meeting daily demands and coping with stressful factors, often resulting in chronic somatic symptoms (25–27). Emotional distress serves as a crucial indicator of various mental disorders, such as depression and anxiety (3). High emotional distress has been associated with weight-related stigmatization reactions (28), food addiction (29), and excessive preoccupation with weight demonstrated through dietary restraint and dieting behaviors (30, 31). It has also been shown to be a primary risk factor for eating disorders, with individuals who experience stress, anxiety, and depression being particularly susceptible. Those exhibiting elevated levels of disordered eating attitudes and behaviors often display a heightened avoidance of emotions, and increased sensitivity. Consequently, adolescents and adults grappling with anxiety or depression may develop problematic or pathological eating patterns and thoughts (1, 2). Additionally, individuals with eating disorders and a history of childhood maltreatment exhibit heightened emotional overwhelming and increased post-stress body dissatisfaction, indicating altered emotional responses to stressors [(e.g., 32)].

There is evidence of gender differences in emotional distress: elevated levels of persistent stress tend to be more prevalent among women (22, 24). Moreover, the work environment, including factors such as high workloads and time pressure, has been associated with elevated levels of emotional distress among employees, leading to various emotional responses, such as anxiety, depression, irritability, and burnout (33, 34).



Work stress

Work stress has become increasingly prevalent in recent decades due to global, economic, and technological changes, as well as population growth and lifestyle modifications (35). It intensifies when there is a disparity between employees’ skills and the demands of their jobs (36) leading to difficulties in coping with work-related tasks (37, 38). Over 50% of workers consider work-related stress as the primary factor influencing their job, family life, and overall well-being, given the significant time spent at work (35). Studies on work stress have shown that both women and men experience increased work stress and reduced satisfaction with family and overall life when faced with long work hours and limited family time (33, 39).

Work stress has detrimental effects on employees, including diminished self-esteem (38), compromised job security, and reduced social relationships with colleagues (40). In addition, work stress has been found to be correlated with less satisfaction with work and in personal life (41), as well as increased anxiety and depression (33). Physiologically, work stress has been associated with imbalanced high-calorie eating habits, often perceived as comforting but leading to weight gain (42), increased body mass (BMI), and risk of BED (43). Furthermore, work stress has been identified as a risk factor for heart disease and cancer (35).

Work-related stress has been attributed to various factors, such as high workloads, long hours, excessive job demands (35, 37), and work–life imbalance (e.g., limited self-care or leisure time, fatigue) (39, 44). Moreover, unregulated family patterns may act as a risk factor: a low level of DoS can contribute to elevated stress levels and reduced job satisfaction among employees in organizations (44). Individuals with low DoS are indeed more prone to heightened work-related stress and may encounter greater challenges in managing stress within work environments (14).



Differentiation of self

Family systems theory (45, 46) highlights the influence of emotional dynamics within the nuclear family on individuals’ self-perception and development. A key pattern in this theory is Differentiation of Self (DoS), which defines family members’ levels of emotional maturity, and is passed down from one generation to the next. DoS reflects emotional maturity and a strong sense of identity. Kerr and Bowen (46) distinguished between two realms of DoS, the intrapersonal and the interpersonal. At the intrapersonal level, it involves maintaining a healthy balance between emotions and rational thinking and expresses the individual’s ability to separate their instinctually driven emotional reaction from their goal-directed functioning. On an interpersonal level, high DoS entails establishing a harmonious equilibrium between intimacy and autonomy in meaningful relationships (2, 47).

Kerr and Bowen (46) argued that DoS is critical for mature development and the attainment of psychological health. Higher DoS allows one to experience strong affect or shift to calm, logical reasoning when circumstances dictate. Well differentiated individuals operate equally well on both emotional and rational levels while maintaining a measure of autonomy within their intimate relationships. In contrast, poorly differentiated persons tend to be more emotionally reactive (46) (p. 320), finding it difficult to remain relaxed when dealing with stressful situations. With intellect and emotions fused, they tend to make decisions based on what “feels right”; in short, they are trapped in an emotional world (45). The concept of DoS has been used to describe the way family patterns affect the trajectory of individual health and influence the extent to which individuals are able to take personal responsibility for age-appropriate tasks, and experience strong connections with significant others (48).

DoS encompasses four dimensions. Emotional reactivity relates to the intensity of emotions experienced and expressed in challenging circumstances. I-position reflects an individual’s ability to assert their needs, thoughts, and emotions while maintaining a sense of self without excessive reliance on others for validation. Emotional cutoff involves emotional and behavioral disconnections arising from difficulties in direct communication during challenging situations. Finally, fusion with others refers to the tendency to form dependent relationships characterized by blurred boundaries (49, 50).

From a gender perspective, men tend to report higher levels of emotional cutoff, while women tend to report higher levels of emotional reactivity and fusion with others (13, 50). Well-differentiated individuals tend to exhibit better coping abilities in stressful situations, experience greater well-being, possess a positive self-concept, and align their lives with their own desires (50). Conversely, poorly differentiated people are more likely to report higher levels of anxiety (51), stress, and depression (2), and to be at higher risk for type 2 diabetes mellitus (52) and eating disorders (10, 53).

DoS, shaped by interactions within the family of origin, can impact relationships at work, where individuals spend a substantial amount of time. Limited research suggests that individuals with lower levels of DoS are more likely to experience lower job satisfaction and conflicts in the workplace. These challenges may stem from difficulties in adapting to job demands, regulating emotions effectively, and relying heavily on others for emotional support (14, 46). As far as we know, no studies have examined the contribution of DoS and work stress to BED.



Rationale and hypotheses

The literature highlights associations between BED symptoms, emotional distress (22), and work stress (43); between DoS and work stress (14); and between DoS and the risk of developing eating disorders (10). Yet, there is a lack of studies examining the combined contribution of these factors to the risk of BED among young adults, despite its high prevalence in this age group (18).

The goal of this study is to provide a framework that allows for an in-depth investigation of the complex relationships between BED symptoms, DoS (emotional reactivity, I-position, emotional cutoff, fusion with others) emotional distress (stress, anxiety, depression), and work stress, considering the potential mediating role of the latter two. Specifically, we examine how low DoS can heighten emotional distress and work stress, which in turn may exacerbate BED symptoms. This intricate interplay suggests that individuals with lower DoS are more vulnerable to stressors from work and family environments, which intensify emotional distress and may increase the risk of developing BED.

By incorporating all these variables and examining their associations, our research aims to provide a more nuanced understanding of the intricate pathway through which DoS, emotional distress, and work stress contribute to the development of BED. Moreover, we account for gender differences, acknowledging the observed distinctions in eating disorders (2) and specific symptoms of BED (7). Hence, we also investigate whether, in line with observations among young adults, BED tends to be more prevalent among women. This inquiry aims to deepen our comprehension of the risk factors associated with BED.

Accordingly, our research hypotheses were:

1. DoS (emotional reactivity, I-position, emotional cutoff, fusion with others) will be associated with BED symptoms (emotional/cognitive and behavioral), through the mediation of emotional distress (depression, anxiety, and stress) and work stress (Figure 1):

a. Elevated levels of emotional reactivity, emotional cutoff, and fusion with others are expected to be associated with higher emotional distress and work stress, and consequently with heightened symptoms of BED.

b. Conversely, a high level of I-position is anticipated to mitigate emotional distress and work stress, thereby being associated with a reduced likelihood of experiencing BED symptoms.

2. Gender differences are expected: women will be more likely to report higher levels of BED symptoms, emotional reactivity, fusion with others, and emotional distress than men, while men will be more likely to report higher levels of emotional cutoff than women.

3. Gender will moderate the associations between DoS and emotional distress and work stress, as well as between these study variables and BED symptoms. Specifically, these associations will be stronger for women than for men.

[image: Figure 1]

FIGURE 1
 The theoretical model.





Methods


Sample

A systematic sampling method was applied, and a representative sample of the general Hebrew-speaking population of Israel was recruited. The sample includes a total of 275 Israeli participants, with 60% women and 40% men aged 20–45 (M = 32.71, SD = 7.50). Inclusion criteria required participants to be working individuals who were fluent in Hebrew, capable of understanding the questionnaire, and providing responses to the survey.



Instruments

The 
Binge Eating Scale
 (BES) (54) was used to assess the severity of BED symptoms. For the purpose of this research, the questionnaire was translated into Hebrew by an expert and then back-translated to English by another expert. The second author checked the congruency between the versions, and the final versions were reviewed by the three authors of the study. The questionnaire consists of 16 items divided into two scales: emotional/cognitive (sample item: “I do not feel self-conscious about my weight or body size when I’m with others”), and behavioral. Each item is rated on a Likert scale, with scores ranging from 0 to 2 or 0 to 4 (54). The scoring range for the questionnaire is 0–46, where 0–17 = no evidence of BED symptoms; 18–26 = a moderate degree; and 27 or higher = a severe degree. The cutoff point defining the presence of BED symptoms is set at 17 (55–58). The BED questionnaire demonstrated good internal consistency for the total score (α = 0.84), and the feelings and thoughts scale (α = 0.81), but low internal consistency for the behavior scale (α = 0.62). Due to this latter low internal consistency and the high correlation between the two subscales, the total score was used in the present study.

The Short Depression, Anxiety and Stress Scale (DASS–21) (59), translated to Hebrew (1), was used to assess emotional distress. This 21-statement self-report questionnaire assesses symptoms in three areas (divided into three subscales): depression, anxiety, and stress. Sample item for stress: “I find it difficult to relax.” Participants respond on a 4-point Likert scale (0 = strongly disagree, 3 = strongly agree). The questionnaire is suitable for both adults and youth aged 14 and above. In the current study, high internal consistency was found for the total score of the questionnaire (α = 0.94), and good internal consistencies were observed for the three subscales: depression (α = 0.88), anxiety (α = 0.82), and stress (α = 0.88).

The 
Job Stress Questionnaire
 (60), based on the Job-Related Tension Inventory (JRTI) (60), is a 15-item self-report tool used to assess employees’ perceptions of work stress. We used the Hebrew version in the current study (Hebrew). Sample item: “How often are you bothered at work by not knowing what exactly the people you work with expect from you?” Participants respond on a Likert scale ranging from 1 (never) to 5 (almost all the time). Scores are averaged to calculate an overall score, ranging from 1 to 5. The questionnaire has demonstrated good internal consistency (α = 0.92).

The Differentiation of Self Inventory-Revised (DSI-R) (48, 61) is a self-report questionnaire that has been translated to Hebrew by Peleg (62, 63). It assesses an individual’s level of DoS and their relationships including with their family of origin. The 46 items are divided into four subscales: emotional reactivity, I-position, emotional cutoff, and fusion with others. Sample item: “I have difficulty expressing my feelings toward people who are important to me” (emotional cutoff). Participants respond on a Likert scale ranging from 1 (not at all true for me) to 6 (very true for me). The total score of the questionnaire is calculated by averaging the raw score of all the items in each of the four scales, with a higher score in the I-position scale, along with lower scores in emotional reactivity, emotional cutoff, and fusion with others scales, indicating a higher level of DoS. The questionnaire has demonstrated high internal consistency in the present study: for the total score (α = 0.90), and for the four subscales, emotional reactivity (α = 0.89), I-position (α = 0.81), emotional cutoff (α = 0.82), and fusion with others (α = 0.81).

A 
demographic questionnaire
 was specifically developed for the present study. It included the following information: gender, age, marital status (married/in a relationship, single, divorced/widowed), parentage, number of children, education level, employment status (full-time salaried employee, part-time, self-employed), occupation, weekly work hours, economic status, religiosity (secular, traditional, religious, ultra-Orthodox), has a chronic illness, has learning disabilities, and weight and height (BMI). In assessing the economic status of participants, we used both a subjective assessment of their economic situation and an assessment based on the average income in Israel; the correlation between these two measures was r = 0.53 (p < 0.001). To provide a comprehensive representation of the participant’s economic situation, an average between these two assessments was calculated.



Procedure

A survey company was contracted to assist with the distribution of the questionnaire to individuals who met the predetermined inclusion criteria using systematic sampling. The survey company uses a systematic sampling method (approacing every ith person), using an on-line or direct communication with them. All participants were provided with a detailed explanation of the study’s purpose and procedures. Participants were assured that their details would be kept anonymous and that their responses would be treated with utmost discretion. They were also informed of their right to withdraw from the study at any point without facing any consequences. Upon understanding the study’s requirements and providing their voluntary consent, participants signed an informed consent form to signify their agreement to participate. They were then given access to the online questionnaire, which typically took 20–30 min to complete. Data collection took approximately 1 month. The study was approved by the University Ethics Committee (Approval No: 231/23).



Data analysis

Data analysis was done with SPSS software, version 28. Means and standard deviations were computed for continuous background variables; frequencies and percentages were calculated for categorical background variables. Means and standard deviations were calculated for the study variables, and Pearson correlations were calculated to examine their associations. Internal consistencies of the research variables were assessed by Cronbach’s alpha (α). For BED symptoms and emotional distress, abnormality categories were determined based on the guidelines provided by the measurement tools. To explore the potential associations of background characteristics with the study variables, t-tests were performed comparing the study variables with dichotomous background variables (e.g., gender), and Pearson correlations were calculated between the study variables and the main continuous background variables (e.g., age). As the emotional distress variable and its dimensions were found to deviate from a normal distribution (skewness index = 1.09–1.68, SE = 0.15), a logarithmic transformation was applied to them. The two economic status variables (subjective assessment and assessment based on average income) were found to follow a normal distribution (skewness = −0.44, SE = 0.15, and skewness = −0.03, SE =0.15, respectively) and were thus treated as continuous variables.

The first hypothesis was evaluated through Pearson correlations between the independent (DoS), mediating (emotional distress, work stress), and dependent (BED symptoms) variables, as well as multiple linear regressions. For BED symptoms, background variables were entered in the first step, the independent variable (DoS) in the second step, and the mediating variables (emotional distress and work stress) in the third step. Regressions were also calculated for the mediating variables, with the background variables entered in the first step and the independent variable in the second.

To test the mediation model, structural equation modeling (SEM) was applied using AMOS software, version 28. The measurement model, which includes correlations between latent variables, was estimated first, followed by the mediation model. Fit indices were used to assess model fit, where a Cmin/df value of less than 3 was considered indicative of a good fit (64); NFI, NNFI, and CFI values greater than 0.90 represented a reasonable fit and values greater than 0.95 indicated a good fit (64, 65); and RMSEA values below 0.08 indicated a reasonable fit and values below 0.05 indicated a good fit (66). The mediation analysis was calculated using path analysis with 5,000 bootstrap samples and a bias-corrected confidence interval of 95%. Continuous variables were standardized. Control variables were gender, parentage, economic status, level of religiosity, and BMI.

The second research hypothesis, which focused on gender differences in the research variables, was examined with multivariate analyses of variance (MANCOVA), controlling for parentage, economic status, level of religiosity, and BMI.




Results


Descriptive findings

The distribution of the background variables is shown in Table 1. Approximately 10% of the study participants reported having chronic illnesses. The average body mass index (BMI) of participants was around 25, and about 56% of the participants reported normal weight or underweight.



TABLE 1 Distribution of background variables (N = 275).
[image: Table1]

Table 2 presents the distribution of the study variables and Pearson correlations between them. Significant moderate correlations were found between most of the variables. The three dimensions of DoS that point to low differentiation (namely, emotional reactivity, emotional cutoff, and fusion with others) were positively correlated with BED symptoms, emotional distress, and work stress. Conversely, I-position and the total score of DoS (both of which indicate high differentiation) were negatively correlated with these same study variables. BED symptoms, emotional distress, and work stress were all positively correlated.



TABLE 2 Distribution of the study variables and Pearson correlations between them (N = 275).
[image: Table2]

The categorization of BED scores revealed that approximately 88% of participants were classified as having no evidence of BED (a score of 0–17), while about 12% were classified as having a moderate (18–26) or severe (27+) degree of the disorder. In terms of gender differences, 21 women (12.7%) and 12 men (10.9%) were classified as suffering from moderate or severe BED, with no significant gender difference (Z = 0.45, p = 0.649). Similarly, the scores for the emotional distress dimension were also categorized.



Relationships between background and research variables

We examined relations between background and study variables to identify potential confounding factors that should be controlled for when analyzing the research hypotheses.

For BED symptoms, a significant gender difference was observed, with women reporting higher levels (M = 10.13, SD = 6.68) than men (M = 8.23, SD = 6.59) [t(273) = 2.32, p = 0.021]. Furthermore, there was a positive correlation between BMI and BED symptoms: the higher the BMI, the higher the level of BED symptoms (r = 0.27, p < 0.001).

With respect to emotional distress, significant differences in the total score were observed with regard to the parenting variable: non-parents reported higher levels of emotional distress (M = 28.00, SD = 22.90) than parents (M = 17.20, SD = 16.81) [t(262.13) = 4.67, p < 0.001]. Significant differences in the total score and all three dimensions (depression, anxiety, and stress) were also found for economic status: the better the financial situation, the lower the emotional distress (r = −0.14, p = 0.026). Significant differences in the total score were also found for degree of religiosity: traditional, and secular participants reported higher levels of emotional distress (M = 24.69, SD = 21.55) than religious and ultra-orthodox participants (M = 15.49, SD = 15.58) [t(273) = 3.61, p < 0.001]. Findings for the three dimensions were similar. In addition, a positive correlation was found between BMI and emotional distress (total score and all dimensions), indicating that the higher the BMI, the greater the emotional distress (r = 0.19, p = 0.001).

Finally, the total DoS score was found to be higher among men (M = 4.04, SD = 0.57) than women (M = 3.74, SD = 0.62), pointing to gender differences [t(273) = 4.18, p < 0.001]. Moreover, parents reported higher DoS (M = 3.94, SD = 0.60) than non-parents (M = 3.75, SD = 0.62) [t(273) = 2.55, p = 0.011]. Lastly, a positive correlation was found between participants’ economic status and DoS: the better the financial situation, the higher the DoS (r = 0.14, p = 0.018). In light of these findings, the research hypotheses were examined controlling for gender, parentage, economic status, level of religiosity, and BMI. No significant relationships or differences were found between work stress and the background variables examined in the study.



Examination of research hypotheses


Relationships between the study variables

To further examine these relationships, multiple regression analyses were calculated controlling for gender, parentage, economic status, level of religiosity, and BMI. Owing to a high correlation between two dimensions of DoS, namely, emotional reactivity and fusion with others (r = 0.75), as well as between the three dimensions of emotional distress (r = 0.65 to r = 0.73), total scores were used for DoS and emotional distress to avoid collinearity. Regarding BED, in the first step the background variables were entered, followed by the total score of DoS in the second step, and finally the total scores of emotional distress and work stress in the third step.

The regression model for BED symptoms yielded significant results, explaining 23% of the variance. In the first step, 10% of the variance was significantly accounted for by the background variables, so that for women, and for higher BMI level, there were higher levels of BED symptoms. The addition of DoS in step 2 was significant, adding 8% to the explained variance (the lower the level of total DoS, the higher the level of BED symptoms). Levels of emotional distress and work stress in step 3 added 5% to the explained variance: the higher these levels, the higher the level of BED symptoms.

With respect to emotional distress (total and the three dimensions) and work stress, all five regression models were significant, explaining 28–44% of the variance in these two variables. Across all models, the inclusion of DoS in step 2 significantly increased the explained variance by 18–35%. Being a parent, level of religiosity, and BMI were identified as significant predictors of emotional distress. Moreover, the addition of the total DoS score was significant, suggesting that the lower the level of DoS, the higher the level of emotional distress. Similar findings were found for the dimensions of depression, anxiety, and stress. After controlling for background variables, negative associations were found between DoS and all three dimensions of emotional distress. With respect to work stress, a significant association was found with DoS: the lower the DoS, the higher the level of work stress.



Hypothesis 1: The mediation model

According to the first hypothesis, emotional distress and work stress will mediate the relationship between DoS and BED symptoms (Figure 1). Due to the abovementioned high correlation between emotional reactivity and fusion with others and between the three dimensions of emotional distress, the hypothesis was tested by structural equation modeling (SEM), with gender, parentage, economic status, level of religiosity, and BMI defined as control variables. DoS was defined as the independent variable (latent variable) when the four dimensions were defined in the positive direction (a higher score representing a better result). Emotional distress and work stress were defined as the mediating variables (latent variables), while the level of BED symptoms (emotional/cognitive and behavioral) was defined as the dependent variable (latent variable with both dimensions).

Examining the measurement model, results indicated a good fit to the data: Cmin/df = 2.292, NFI = 0.951, NNFI = 0.951, CFI = 0.971, RMSEA = 0.069. These fit indices suggest that the measurement model adequately represents the relationships between the observed indicators and the latent variables. Results for the mediation model also indicated a good fit: Cmin/df = 1.660, NFI = 0.935, NNFI = 0.959, CFI = 0.973, RMSEA = 0.049. This latter model is shown in Figure 2.
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FIGURE 2
 Structural equation modeling for emotional distress and work stress as mediating the association between Dos and BED symptoms. *p < 0.05, **p < 0.01, ***p < 0.001. Observed variables are inside rectangles; latent variables, together with the percent of explained values (R2), are in ellipses. Values next to unidirectional arrows are β values; the value next to the bidirectional arrow is a Pearson’s r. Control variables are excluded for purposes of clarity.


Results yielded significant associations between the research variables, such that the lower the level of DoS, the higher the levels of emotional distress and work stress; in turn, the greater the emotional distress and work stress, the higher the level of BED symptoms. Indeed, according to these direct relationships, the overall mediation effect was found to be significant: effect = −5.53, SE = 3.10, p < 0.001, 95%CI = −14.45, −2.89. The two specific effects were also significant; for the relationship of DoS → emotional distress→BED symptoms: effect = −0.91, SE = 0.30, p < 0.001, 95%CI = −1.57, −0.39; for DoS → work stress→BED symptoms: effect = −0.28, SE = 0.13, p = 0.019, 95%CI = −0.55, −0.04. These values suggest that the indirect pathways through emotional distress and work stress explain a significant portion of the relationship between DoS and BED symptoms, supporting the first research hypothesis.



Hypotheses 2 and 3: Gender differences and moderation effects

The second hypothesis suggested that women will report higher levels of emotional reactivity, fusion with others, emotional distress, and BED symptoms, while men will report higher levels of emotional cutoff. Multivariate analyses of variance (MANCOVA), controlling for parentage, economic status, level of religiosity, and BMI, indicated that women reported higher levels of BED symptoms and fusion with others, while men reported higher levels of DoS (total score; Table 3). Together, these findings partially support the second hypothesis.



TABLE 3 Means, standard deviations, and f values for the study variables by gender (n = 275).
[image: Table3]

In addition to examining direct gender differences, its moderating effect on the model associations was examined. As shown in Table 2, the correlation between two aspects of DoS (emotional reactivity and fusion with others) was r = 0.75 (p < 0.001), thus leading to collinearity in any model involving the DoS aspects separately (VIF = 3.23). Thus, the moderating effects were examined regarding the total DoS score. All moderating effects for gender were found to be non-significant: for the associations between DoS and emotional distress (β = 0.01, p = 0.867), DoS and work stress (β = −0.02, p = 0.786), DoS and BED symptoms (β = 0.11, p = 0.220), emotional distress and BED symptoms (β = 0.03, p = 0.709), and work stress and BED symptoms (β = 0.11, p = 0.172). Thus, despite significant gender differences observed in DoS and BED symptoms, the model associations were not moderated by gender, refuting the third hypothesis.





Discussion

The main study objective was to investigate the mechanism that activates BED symptoms, and the pathway through which family, work, and personality factors contribute to their development. Taken together, the findings suggest that low DoS (the predictor) may increase vulnerability to BED symptoms (the outcome) by increasing susceptibility to emotional distress, including stress in the workplace (mediators). In addition, the analyses pointed to certain gender differences: women reported higher levels of BED symptoms, while men reported higher levels of DoS.


Emotional distress and work stress mediate the relationship between DoS and the risk of BED symptoms

A major tenet of the current study was that low DoS might increase the likelihood of BED symptoms by increasing vulnerability to emotional distress and work stress. Indeed, the findings revealed that the severity of emotional distress and work stress mediated the relationship between BED and DoS. These results align with previous research that has linked DoS to emotional well-being and mental health outcomes. They reinforce the notion that emotional maturity and the ability to maintain a balance between emotional and intellectual functioning are crucial for psychological well-being in various domains of life (49, 50).

Apparently, well-differentiated individuals are more likely to navigate uncertain circumstances and emotionally charged events using calm, rational thinking (67). In contrast, poorly differentiated individuals may find it difficult to maintain a clear sense of self and have difficulty adhering to their personal convictions instead of conforming to others’ expectations. They also may tend to isolate themselves from others and their emotions when faced with intense interpersonal experiences, or conversely, create dependent relationships and lean on close people, finding it difficult to maintain healthy boundaries in relationships (51, 68). While these maladaptive coping patterns may provide temporary relief, in the long term they can increase emotional burden, a sense of being overwhelmed, which may further exacerbate emotional distress and consequently elevate the risk of BED. It is suggested that the risk of BED increases because individuals may use BED as a way to alleviate negative emotions (69). Furthermore, it is likely that emotional distress can disrupt normal appetite regulation mechanisms, leading to dysregulated eating patterns (70). It is possible that difficulties regulating their emotions and their relationships with significant others leads such individuals to eat in an effort to numb their emotions and maintain a sense of control (2, 69), turning to food as a mechanism for coping with emotional distress. Such reliance on food can hinder the use of healthier skills that can manage emotions effectively.

The current results indicate that not only personal distress, but also stress in the work environment, mediates the relationship between DoS and BED. The workplace can be seen as a social and emotional system that encompasses interpersonal interactions, rules, expectations, and roles. This environment acts as a platform where individuals express what they have learned from their family of origin as they mature (44, 45). Research suggests that even individuals who are well-differentiated may experience increased stress situations; however, they respond and react to these situations differently than poorly differentiated individuals (71). The present results thus partially support findings indicating that low DoS predicts high levels of work stress and low job satisfaction (14), as well as higher levels of conflicts (14). Moreover, poorly differentiated individuals tend to have decreased enthusiasm and increased stress and burnout (15), as well as a high dependency on others (25, 35). Another potential explanation is that poorly differentiated individuals may struggle to seek support in stressful situations, including the workplace (15, 71). As a result, they may find it challenging to cope with work-related stress and navigate workplace dynamics effectively (36). This can lead to decreased job satisfaction and increased conflicts in their professional lives. It is possible that the difficulty in regulating emotions in the workplace channels the emotional distress into unregulated eating patterns, and that increased work stress and burnout can lead to decreased awareness of eating, decreased intuitive eating, and a sense of lack of control overeating (31, 43, 72).


Gender differences

Consistent with prior research (6, 22), men in our study exhibited lower scores on BED symptoms than women. Women may be more influenced by societal pressure surrounding the ideal of thinness and beauty (2), potentially making them more susceptible to symptoms associated with BED. However, it is important to note the small difference in percentages between women and men diagnosed with moderate or severe BED in the current sample (12.7% vs. 10.9%, respectively). This emphasizes the significance of considering the experiences and challenges faced by both genders in relation to BED. In contrast, men exhibited higher DoS, suggesting a greater inclination toward emotional separateness from others. These gender differences may arise from a range of factors, such as societal expectations, cultural norms, coping mechanisms, and stress responses (2, 21, 31, 73).



Limitations and future research

Our results should be interpreted with caution due to several study limitations. Firstly, the sample size is relatively small, which may impact the generalizability of the findings. Furthermore, the sample was composed predominantly of individuals from middle and upper-class backgrounds, limiting the applicability of the findings to people of lower socioeconomic backgrounds. To address these limitations, future research should include larger and more diverse samples, particularly in terms of socioeconomic groups. This would facilitate a more comprehensive understanding of the relationships under investigation and allow for more accurate generalizations to be made.

Secondly, it is important to acknowledge other variables that might serve as moderators in the relationships between DoS and emotional distress; DoS and work stress; and emotional distress, work stress, and BED. It would be worthwhile to explore such socioeconomic demographic variables as cultural/ethnic affiliation and level of education; such workplace variables as workload and income level; such childhood family variables as parenting styles and family atmosphere; and such personality variables as assertiveness, agreeableness, and psychological flexibility. Indeed, several studies investigating the impact of psychological flexibility on eating-related concerns have indicated a heightened risk of eating disorders (74) and emotional eating (75) among individuals with extreme obesity, who often exhibit elevated emotional distress and low psychological flexibility. Further investigation is warranted to explore the specific mechanisms underlying these relationships for a more comprehensive understanding of the phenomenon.

Thirdly, the current study was conducted in a cross-sectional setting, capturing data at a single point in time. This limits the ability to measure the development and progression of BED symptoms over time. It is recommended to conduct a longitudinal study, allowing for the assessment of the development and trajectory of BED symptoms among young people over an extended period.



Theoretical conclusions and contributions

Notwithstanding the study’s limitations, it offers significant contributions. From a theoretical perspective, previous research findings have shown that emotional distress mediated the relationship between DoS and the risk of eating disorders. The current study expands upon the existing literature by incorporating such novel variables as family, personality, and work-related factors in the investigation of BED. This enhances our understanding of the complex nature of BED beyond the traditional focus on personality measures (23, 24). Furthermore, the study sheds light on the contribution of unregulated family and emotional patterns to BED, providing valuable insights for organizations seeking to promote healthier work environments and improve employee well-being. The findings emphasize that unregulated family patterns and conflicts can add to stress levels and dissatisfaction, which can spill over into the workplace. Therefore, improving DoS within individuals can help organizations mitigate the negative effects of family dynamics on workplace satisfaction and stress levels.



Relevance for clinical practice

In practical terms, increased knowledge of BED may contribute to the development of effective prevention strategies. By identifying risk factors and early signs, interventions can be designed to intervene and prevent the onset of BED before it becomes chronic. The study findings can thus contribute to evidence-based interventions for BED, encouraging healthier eating patterns by focusing on emotional triggers in individuals’ lives, particularly within the family and the work environment. Organizations can support employees by addressing disordered eating symptoms, providing resources and interventions to improve overall well-being. This includes promoting healthy eating habits, offering counseling or employee assistance programs, and creating a supportive work environment that prioritizes work–life balance and stress management. By supporting individuals in the development of healthy coping mechanisms and interpersonal relationships, organizations can potentially reduce work stress and consequently the risk of BED. In addition, it is suggested that psychologists and family therapists who assist individuals suffering from Binge Eating Disorder (BED) should focus on improving DoS. This will lead to improved functioning both within their family and workplace environments.

Finally, from methodological and therapeutic perspectives, ongoing research can play a crucial role in refining the diagnostic criteria for BED, enabling better identification and monitoring of treatment outcomes. Advancements in understanding BED will pave the way for improved treatment outcomes.

In short, the research findings underline the importance of considering both personal and contextual factors in understanding, addressing, and treating BED. The study thus contributes to our understanding of the complex interplay between DoS, emotional distress, work stress, and BED.
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Objective: To test associations of candidate obesity-related single nucleotide polymorphisms (SNPs) and obesity polygenic risk scores (PRS) with neural reward reactivity to food cues.

Methods: After consuming a pre-load meal, 9–12-year-old children completed a functional magnetic resonance imaging (fMRI) paradigm with exposure to food and non-food commercials. Genetic exposures included FTO rs9939609, MC4R rs571312, and a pediatric-specific obesity PRS. A targeted region-of-interest (ROI) analysis for 7 bilateral reward regions and a whole-brain analysis were conducted. Independent associations between each genetic factor and reward responsivity to food cues in each ROI were evaluated using linear models.

Results: Analyses included 151 children (M = 10.9 years). Each FTO rs9939609 obesity risk allele was related to a higher food-cue-related response in the right lateral hypothalamus after controlling for covariates including the current BMI Z-score (p < 0.01), however, the association did not remain significant after applying the multiple testing correction. MC4R rs571312 and the PRS were not related to heightened food-cue-related reward responsivity in any examined regions. The whole-brain analysis did not identify additional regions of food-cue-related response related to the examined genetic factors.

Conclusion: Children genetically at risk for obesity, as indicated by the FTO genotype, may be predisposed to higher food-cue-related reward responsivity in the lateral hypothalamus in the sated state, which, in turn, could contribute to overconsumption.

Clinical trial registration: https://clinicaltrials.gov/study/NCT03766191, identifier NCT03766191.

Keywords
 food cues; fMRI; polygenic risk score; children; genotype; reward


1 Introduction

Obesity currently affects approximately 20% of children and adolescents aged 2–19 years in the United States according to the National Health Statistics Report (1). Obesity often continues from childhood into adulthood (2), and obesity in adulthood is a known risk factor for the development of multiple comorbidities including type 2 diabetes, cardiovascular diseases, and cancer (3). The etiology of obesity is multifactorial, affected by genes, environment, and gene-environment interactions (4, 5).

Environmental food cues include the smell, taste, and sight of highly palatable food or food-related situations and play a crucial role in obesity development through physiological and psychological responses (6–9). They are often presented through media in the form of advertisements for highly palatable, nutrient-poor, and energy-dense foods and beverages (10). Marketing of highly palatable foods and beverages is often directed toward younger children, and these exposures promote the development of unhealthy food preferences and eating behavior patterns that may ultimately lead to childhood obesity (10–15).

Exposure to highly palatable food and beverage cues may activate a response in dopaminergic reward regions of the brain that are associated with increased food consumption (16–18) and weight gain (19–21). Previous functional magnetic resonance imaging (fMRI) studies have identified the brain regions involved in the corticolimbic reward circuitries related to food cues: nucleus accumbens, orbitofrontal cortex, amygdala, insula, lateral hypothalamus (LH), substantia nigra, and ventral tegmental area (22–28). Further, these regions have been related to food cravings and appetitive motivation (29–33).

Several genes, including the fat mass and obesity-associated gene (FTO) and melanocortin 4 receptor gene (MC4R), have been implicated in obesity risk. Research has shown that divergent central nervous system (CNS) mechanisms may drive overconsumption in those with FTO risk alleles. A rodent study has shown that FTO is present primarily in the hypothalamus, a region related to hunger/satiation control (34). A common genetic variant within the first intron of the FTO gene, rs9939609, is known to be associated with higher energy intake (35–38) and BMI (39–41) in children. A previous study from our group also found that FTO rs9939609 was associated with children’s food-cue-related neural reactivity in the left and right nucleus accumbens (42), a potential mediator of excess consumption and adiposity gain. Participants were only provided a light snack in that study to help control their hunger, so the association between FTO and food cue reactivity in the post-prandial state was not examined.

Melanocortin 4 receptors are also expressed in the hypothalamus as part of the leptin-melanocortin pathway and play a crucial role in regulating appetite, energy balance, and body weight (43–45). MC4R rs571312, a common near-MC4R variant, has been related to higher caloric intake (46) and greater BMI or obesity (47–49). Another study found a strong association between rs12970134 and obesogenic eating behaviors including greater food responsiveness and less satiety responsiveness in children (50). However, no studies to date have examined the effect of common MC4R polymorphisms on food-cue-related neural reward reactivity.

Though some individuals may have obesity due to a rare mutation in a single gene, most individuals with obesity have numerous polymorphisms that jointly affect their adiposity (51). A comprehensive genetic obesity risk can be summarized through an obesity polygenic risk score (PRS) that is constructed based on the effects of variants observed in genome-wide association studies (GWAS). Richardson et al. (52) created a 295 SNP PRS to predict adiposity in early life. Though previous studies in children have demonstrated an association between weight status and food-cue-related neural response to food cues (21, 53–55), the relationship between comprehensive genetic risk for obesity, characterized by a PRS, and food-cue-related neural responsivity has not yet been examined.

In this study, we aimed to test whether some children are genetically predisposed to heightened food-cue-related neural reward reactivity in the post-prandial period. We hypothesized that the genetic risk of obesity, defined by FTO rs9939609, MC4R rs571312, and a pediatric PRS, would relate to greater differential activation in brain reward regions in response to food advertisements. Additionally, we conducted a hypothesis-generating whole-brain exploratory analysis to identify additional regions that may be related to the associations between genetic exposures and post-prandial responsivity to food cues. This study builds upon previous work by examining a greater range of obesity-related factors and by examining how these genetic factors affect neural food cue reactivity when children are in the sated state.



2 Methods


2.1 Study participants

The data in this paper are from a larger study measuring the genetic associations with children’s neural reward reactivity and eating in the absence of hunger in response to food cues. The study enrolled 189 pre-adolescent children from the Northern New England community. Seven participants were excluded after genotyping quality control, and 31 participants were excluded after MRI scanning quality control. Scan data from 31 participants were excluded due to: refusal to be scanned (n = 12); excessive movement in the scanner (n = 9); and technical issues (n = 10). The final analysis included 151 children (86 of whom were male) between the ages of 9 and 12 [mean (SD) = 10.9 (1.16) y]. Dartmouth College’s Committee for the Protection of Human Subjects approved all study protocols.



2.2 Study overview

Participants attended a study visit alongside a parent or guardian. Visits were scheduled at either lunchtime (11:00 am–1:00 pm) or dinnertime (4:00 pm–6:00 pm). A trained research staff member collected children’s saliva samples for genetic analysis, measured height and weight, and administered questionnaires to the parents. The parent-reported child’s physical activity, date of birth, biological sex, race, ethnicity, annual household income, and parent education level. Participant height was measured to the nearest 0.1 cm using Seca 264 Stadiometer (Hamburg, Germany), and weight was measured to the nearest 0.01 kg using a Seca 703 Medical Scale (Hamburg, Germany). Children consumed a standardized pre-load meal consisting of macaroni and cheese, apple sauce, corn, milk, and water. Satiety level was measured prior to the scan using the Freddy Fullness scale (56), a validated visual analog scale for estimating fullness in children. The fullness scale was reported across a range of 0-150 mm and converted into percentages (out of 150 mm); higher scores indicated greater fullness.



2.3 Genotyping

DNA extracted from saliva samples was genotyped for >600,000 single nucleotide polymorphisms (SNPs) with the Illumina Global Screening Array 24 v1.0 or v3.0 (57). Pre-specified quality control thresholds were applied to generate genotype calls using GenomeStudio software (58) with downstream quality control steps and determination of European or non-European ancestry with principal components, as previously described (59, 60). Using the Michigan Imputation Server, haplotype-based imputation was performed with a quality score threshold of R2 > 0.8 selected for SNPs with high-quality imputation (61, 62). Seven children were excluded for failing genotype quality control.

As primary exposures of genetic risk, two single SNPs were considered (FTO rs9939609 and MC4R rs571312), and a pediatric-specific PRS with 265 of 295 SNPs available in the data (52), the “Pediatric PRS.” In additional exploratory analyses, we also analyzed three PRS previously associated with adult BMI. These included a 97 SNPs PRS (63), 557 SNP PRS (52), and a ~ 2 million SNP PRS (64), henceforth referred to as the “Adult 97 PRS,” “Adult 557 PRS,” and “Adult 2M PRS,” respectively. Each PRS was computed as the product of the dosage of each risk allele (0, 1, or 2) and the published effect size, summed and standardized into Z-scores.



2.4 Scanning paradigm

Using E-Prime (65), children were presented with a series of videos that were designed to replicate a typical television show. The stimuli included three 5 min segments of a popular science show (MythBusters) interspersed with four 5 min commercial breaks.

Four functional runs were conducted in each scan. Additional functional runs were collected as part of the larger study after the experimental paradigm of this study, but are not relevant to this presented analysis. Each functional run began and ended with a 15 s presentation of a fixation cross. For each run, 5 food and 5 non-food TV commercials were presented which alternated in an AB pattern (66, 67). The block pattern for each run was randomized between participants (AB or BA) and which commercials were played during each block were also randomized between participants. Each commercial ran for approximately 15 s, and each functional run was approximately 5 min in length. The total duration of the scan was approximately 1 h.



2.5 Stimuli

Age-appropriate food and non-food commercials that were included in this study were rated by children for interest and excitement (42). There was no overall difference in interest and excitement between the food and non-food commercials.



2.6 Image acquisition

Scans were conducted using a 3.0 T Siemens MAGNETOM Prisma MRI scanner equipped with a 32-channel head coil. For T1-weighted structural scans (MPRAGE), the following parameters were employed: echo time (TE) of 2.32 ms, repetition time (TR) of 2,300 ms, flip angle of 8 degrees, matrix size of 256 × 256 mm, field of view of 240 × 240 mm, 192 slices with a slice thickness of 0.9 mm, and voxel size of 0.9 × 0.9 × 0.9 mm. Functional imaging utilized a T2*-weighted echo planar imaging (EPI) sequence with TE = 33 ms, TR = 1,250 ms, flip angle = 64 degrees, matrix size = 96 × 96, field of view = 240 × 240 mm, 56 slices with a slice thickness = 2.5 mm, and voxel dimensions of 2.5 × 2.5 × 2.5 mm. Four functional runs of 144 volumes were included in the analysis for each participant.



2.7 Model covariates

BMI was calculated based on participants’ height and weight using the U.S. Center for Disease Control and Prevention (CDC) 2020 age-and sex-specific distributions (68). A missing value for physical activity (N = 1) was imputed with the most frequently reported value. A missing value for the fullness measure (N = 1) was imputed with the median value. One fullness value of 180 mm was imputed with the median due to researcher measurement error.



2.8 MRI pre-processing

Anatomical data preprocessing and functional data preprocessing were performed using fMRIPrep 1.2.5 (69, 70), which is based on Nipype 1.1.6 (71, 72). The pipeline and protocol used are described in detail as a template provided by fMRIPrep in a previously published article (73).



2.9 Statistical analysis


2.9.1 Subject-level analysis

Following pre-processing, participants’ individual fMRI data were analyzed using the NLTools Python package (74). A general linear model (GLM) was conducted for subject-level analysis for each participant. This included constructing a design matrix, convolving with the hemodynamic response function (HRF), incorporating nuisance variables such as intercepts, linear and quadratic trends, motion covariates (comprising 24 parameters: six demeaned realignment parameters, their squares, derivatives, and squared derivatives), and identifying motion spikes (defined as spikes between successive TRs and global spikes exceeding an intensity change threshold of 2.5 standard deviations from the mean). The data underwent spatial smoothing using a Gaussian kernel with a full-width at half maximum (FWHM) of 6 mm. We conducted a standard visual inspection of scans with a frame-wise displacement of 1 or greater, and one of four functional runs was excluded for 17 participants (~11%) due to such visual inspections (73). Additionally, we examined functional runs for extreme head motion defined as >25% motion spikes (> 36 spikes) of the scan volumes; however, no functional run was excluded from further analyses. To generate the food-specific regression coefficient maps for individuals, the coefficients in each voxel were averaged across functional runs for food and non-food ad conditions, separately, and then the within-subject difference between the two conditions was computed to create contrast maps. All individual-level contrast maps were used in the targeted region of interest (ROI) and whole brain analyses. Multiple comparison correction using the false discovery rate (FDR) was applied to the p-values across 7 bilateral ROIs with significance set at q < 0.05.



2.9.2 Region of interest analyses

For the a priori ROI analysis, seven bilateral ROIs were selected as candidate reward regions based on previous literature (25): the nucleus accumbens (NAcc), orbitofrontal cortex (OFC), amygdala, insula, lateral hypothalamus (LH), ventral tegmental area (VTA), and substantia nigra (SN). The masks of the bilateral NAcc, OFC, amygdala, and insula were extracted for each participant using FreeSurfer’s autosegmentation.1 The final group-level ROI masks were created by including those voxels that are counted in the individual-level masks for at least 75% of participants. As FreeSurfer does not include autosegmentation of the lateral hypothalamus and SN, masks of these regions were generated using the anatomical atlas of the human hypothalamic regions (75). The mask of the ventral tegmental area was defined by the sphere with a radius of 5 mm centered at the MNI coordinate [±4, −16, −10] (76). The ROI masks are shown in Figure 1. Beta values were then averaged across each mask and analyzed using R (77). We investigated the Pearson correlation between corresponding lateral reward ROIs as well as across reward ROIs.

[image: Figure 1]

FIGURE 1
 Axial view of masks used in the regions-of-interest (ROI) analysis. (A) Orbitofrontal cortex. (B) Blue: nucleus accumbens. Light green: lateral hypothalamus. Red: amygdala. Dark green: substantia nigra. Orange: ventral tegmental area. (C) Insula.


Child age, biological sex, BMI Z-score, satiety level post preload-meal, and European ancestry were selected as covariates a priori for all adjusted models given potential relationships with genetic exposures and/or neural response to stimuli, for all adjusted models. After examining the bivariate relationships between the other potential covariates and the neural response in any ROIs using a threshold of p < 0.1, physical activity and annual household income were added into adjusted models. Linear models were used to test the independent associations between the genetic factors (MC4R rs571312, FTO rs9939609, Pediatric PRS) and the neural response in the bilateral ROIs. In an exploratory analysis, the linear models were repeated with the secondary genetic exposures of 3 adult obesity PRS. Given that the pediatric and adult obesity PRS measures were trained on individuals of European ancestry, the distribution of each genotype and PRS in participants with European and non-European ancestry was explored in Supplementary Table S1, and the regression models of the four PRS measures were repeated restricting the sample to participants with European ancestry in a sensitivity analysis.



2.9.3 Exploratory whole-brain analysis

A whole-brain analysis was conducted using the individual beta maps as input to a group-level analysis to test the unadjusted and adjusted linear relationships between food-cue-related response and genotypes. To determine significance at the group level, an initial voxel-wise significance threshold of p-value <0.001 was applied and was then cluster-corrected using a threshold of a cluster size of k = 90 for an overall p-value <0.05. Clustering parameters were based on 10,000 Monte-Carlo simulations determined using 3dClustSim from AFNI.





3 Results

Seven participants were excluded after genotype quality control, and 31 participants were excluded after MRI quality control, leaving 151 participants in the analysis (Table 1). Most participants were white (94.7%) and non-Hispanic (93.4%). The average (SD) BMI Z-score was 0.468 (0.95), and 30% of participants were categorized as either having overweight or obesity. The average (SD) caloric consumption of the standardized preload meal was 449 (171 kcal). Examining the distribution of MC4R rs571312 in our sample, 4.6% were highest-risk (AA) children (N = 7), 41.1% were heterozygotes (AC) children (N = 62), and 54.3% were homozygous low-risk (CC) participants (N = 82). Due to the limited number of participants in the highest-risk group, the MC4R AA and AC genotypes were collapsed into one category and analyzed with a dominant model (AA and AC vs. CC). In our sample, the distribution of FTO rs9939609 was 10.6% with the highest obesity risk (AA) (N = 16), 48.3% with moderate risk (AT) children (N = 73), and 41.1% with the lowest risk (TT) children (N = 62). The additive model of the FTO genotype (AA vs. AT vs. TT) was used in further analyses.



TABLE 1 Baseline characteristics of study participants (N = 151).
[image: Table1]


3.1 ROI analyses

The correlations between the responses of food > non-food contrast maps in 14 bilateral reward regions are shown in Figure 2. In general, all bilateral reward regions tested were positively and significantly correlated ranging from 0.93 for the OFC and 0.62 for the LH (Supplementary Figure S1). The right LH exhibited correlations with three other ROIs, and the bilateral VTA exhibited positive correlations with five ROIs. The ROI analysis examining the associations between each genetic exposure and neural response to food cues in the full cohort is presented in Table 2. Children with the FTO rs9939609 risk allele had a significantly higher food-related neural response in the right LH in models adjusted for covariates even after controlling for current adiposity (t = 2.6, p = 0.01) (Figure 3). However, the association did not remain significant after applying the FDR correction. The association between FTO rs9939609 risk alleles and food-related response in the left LH did not reach statistical significance (t = 1.7, p = 0.08). The MC4R genotype and Pediatric PRS were not significantly associated with the food-related reward reactivity in any of the explored ROIs (Table 2).

[image: Figure 2]

FIGURE 2
 Pearson correlations between the reward regions are shown. Only correlations statistically significant at the p < 0.05 are numbered. NAcc, nucleus accumbens; OFC, orbitofrontal cortex; VTA, ventral tegmental area; SN, substantia nigra; LH, lateral hypothalamus.




TABLE 2 Associations between genetic exposures and food-related response in the region-of-interest (ROI) after eating a meal to satiety (N = 151).
[image: Table2]
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FIGURE 3
 Adjusted association between FTO rs9939609 and neural response in the right lateral hypothalamus after eating a meal to satiety (N = 151). Adjusted linear regression model was conducted and adjusted for age, biological sex, BMI Z-score, satiety level post preload-meal, European ancestry, physical activity, and annual household income. The sample size of FTO rs9939609 for lowest-risk group (TT) is 62, heterozygotes (AT) is 73, and highest-risk group (AA) is 16. FTO rs9939609 was added as an additive model (TT vs. AT vs. AA).


In the exploratory analysis that tested three additional adult obesity PRS associations, the 97 PRS with food cue-related activity in the left insula did not reach statistical significance (t = 1.9, p = 0.06) (Supplementary Table S2). In the sensitivity analyses of the PRS measures restricting the sample to participants with European ancestry (N = 136), the adult 97 and 557 PRS with food-related response in the LH did not reach statistical significance (t = 1.8, p = 0.08; t = 1.7, p = 0.08, respectively) (Supplementary Table S3).

No additional relationships between genetic factors and food-related responsivity in the whole brain analysis.




4 Discussion

In this study of 151 children aged 9–12 years old, we found that the genetic risk of obesity was associated with greater brain activation in response to food advertisements in the lateral hypothalamus after eating a meal to satiety. Specifically, each risk allele of the FTO rs9939609 genotype was associated with heightened food-related responsivity in the right lateral hypothalamus.

In the brain, FTO is highly expressed in the hypothalamus, a region involved in the regulation of central energy homeostasis to control body energy balance, energy expenditure, and food intake (78). Many studies have reported the connection between FTO SNPs and obesity-related traits such as BMI, body fat mass, waist circumference, hip circumference, and energy intake (79–81). In addition, FTO
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RVFQ |
Food choice (%) 1642208 29+247 0.02* 1422172 2042236 [ 1942293 16.6217.1 075 176215 2795278 005
24hours recall ‘
Energy intake
i 1665386 1512395 0.007% 16284354 14934366 01 1654400 141322523 (o) 1701414 1567466 026
Protein intake (g) 661205 5814203 0.006* 6274158 553+17.7 0,03 6776274 6092199 0.65 68822 6084235 012
Carbohydrates (g) | 21814613 2085£56.6 025 21354613 20654565 052 20074668 2074450 027 21674597 21124617 068
Fiber (g) 19778 195276 095 193271 2042843 046 209476 18.647.2 061 199486 18,6469 059
Lipids (g) 585£212 4964205 0.004% 573£187 496183 005 4874243 3874154 035 620£22.1 5324238 01
SAFA () 183277 15.0£69 0.002% 18068 15266 0.03% 1612101 131249 0.69 193277 156479 005
MUFA (g) 8654552 64148 0.002¢ 93249 59145 001 58446 48242 0.65 87660 74253 028
PUFA (g) 46237 299427 0.0001% 50433 28224 o001+ 28425 189425 035 472441 34131 021
Trans 07508 043049 0.001% 088088 038204 001 0582067 042065 024 06707 0492055 019
Cholesterol (mg) 13324679 10624627 001 12594610 957496 0.02¢ 1160803 951829 053 1442699 12294689 025
W3 (mg) 055054 035£036 0.007* 058204 04203 006 026£032 0272038 08 0606 03203 004
W6 (mg) 327433 20422 0.005* 344529 1919 001 159222 Lix21 0.57 352437 24225 014
Tron (mg) 80141 7382412 04 81+41 80429 09 89457 89246 092 7637 60234 01
Food addiction 23215 2584201 09 191510 186417 033 20511 167212 039 29+188 37220 006

criteria

“Significant differences were analyzed with the nonparametric Mann-Whitney by MLGP group.
<005 *4p <0001
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Time from
visit start

Procedure and assessment

Evening before
~120min
~60min

0-45min

45-90min

90-150min

‘Product consumption applies only for visits 3 and 4. *Assessments apply only for visits 2-

VAS QoL panel (diary)

Consumed light lunch (at home)

Product consumption (at home)"

Abstinence from smoking started when attending the clinic
Inclusion/exclusion criteria and diary review

Vital signs (heart rate, blood pressure, and temperature), and
weight

WHOQOL-BREF
SE-36%, PSS?, BDI-II
Exhaled CO (20-30 min post abstinence)

Blood (cotinine), urine (cotinine, biopyrrin?, drug test), and

saliva (cortisol’) samples collection

VAS symptoms panel

Break

COMPASS cognitive test panel'

MNWS?, FTND?, STAI

Pre exposure to cue assessment (QSU-Brief, VAS craving level)*
Exposure to cues provoking craving’

Post exposure to cue assessment (QSU-Brief, VAS craving

level)?

Saliva (cortisol) sample collecti

not performed at follow-up. “Drug test applies to isits 2 and 4 only, including THC,
amphetamines, methamphetamines, cocaine, and opioids. ‘On visit 5, performed within
50-75 min; Min, minutes.





OPS/images/back-cover.jpg
Frontiers in
Nutrition

Explores what and how we eat n the context
of health, sustainability and 21st century food

Discover the latest
Research Topics

Nutrition





OPS/images/fnut-11-1405156/fnut-11-1405156-t002.jpg
Study arm

Variables Placebo

(n=82)
Age, years 296 (108) 283 (10.4) 308 (1L1) 0.133
Sex, n (%)
Male 74 (469) 41(519) 33(10.2) 0138
Female 87(540) 38 (8.1 49(598)
Body mass index, kg/m* 25(48) 24.8(4.9) 251 (47) 0703
Ethnicity, n (%)
Caucasian 159 (98.8) 79(100.0) 80(97.6)
Arab 106) 0 10.2) 0377
White Hispanic 106) 0 10.2)

Marital status, n (%)

Married/living with partner 42(26.1) 20(253) 22(26.8)

Single 108 (67.1) 57(722) 51(622) 0.089"
Divorced/separated 11(68) 2(25) 9(110)

Social habits, n (%)

Going out <3 times a week 118(73.3) 50 (63.3) 68 (82.9) N
Going out >3 times a week 3267) 29(367) 1107.0) o
Age started daily smoking, years 16.1(3.3) 164 (34) 159 (33) 0351
Total smoking period, years 135 (10.6) 119.(10.3) 15(108) 0070
Smokers with quitting attempts, n (%) 83(516) 36 (45.6) 47(57.3) 0136
Cessation period, months 9.8 (153) 65(80) 123(189) 0080
Smokers with attempts to reduce smoking, n (%) 85 (528) 39(49.4) 46 (56.1) 0392°
Reduced number of cigarettes 58(36) 5305 63(.7) 0.236
DASS-21 total score 10.1(59) 105 (59) 98 (60) 0448
Cigarettes per day 162(55) 157 (5.0) 167 (59) 0231
Richmond test score 63(17) 6.1(1.6) 65(1.8) 0179

Data expressed as means (standard deviation) unless otherwise stated. DASS-21: Depression Anxiety and Stress Scale 21.
derived from a Chi-square test.

values were derived from an independent f-test. p-values were
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Characteristics % (n)

Prevalence FA 127 (20)
Mild 32(5)

Moderate 254)

Severe 70(11)
Symptom count 22(26)
Criteria

Food consumed in larger quantities or over a longer p 266 (42)
than intended

Persistent desire or unsuccessful efforts to cut down or 310(49)
control consumption of certain foods

Considerable time spent to obtain, consume, or recover 222(5)
from effects of food

Giving up important social, occupational, or recreational 101 (16)
activities because of food consumption

Continuing to eat certain foods despite physical or 215(34)
psychological problems

Tolerance 15.2(24)
Withdrawal 335(53)
Continued consumption despite social or interpersonal 279 (44)
problems

Failure to fulfill major role obligation 76(12)
Use in physically hazardous situations 17.1(27)
Craving 108(17)

Significant distress in relation to food 165 (26)
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Gender, % ()

Age, (M£SD)

Educational level, % (n)

Employment situation, % (r)

Marital status, % (1)

Psychological treatment, % ()

‘Weight Status, % ()

Anthropometric measures, (M +SD)

Years
Primary or less
Secondary
University
Unemployed
Employed
University Students
Single

Married

Divorced

Widower

No

Yes

Normal weight
Overweight
Obesity

Weight (ke),

BMI (kg/m2)

WC (em)

Body fat (%)

Lean mass (kg)

No food addict

667 (92)
333 (46)
4884152
152 (21)
355 (49)
493 (68)
319 (44)
667(92)
14(2)
319 (44)
57.2(79)
80(11)
2904
65.2(90)
3438 (48)
217 (30)
377(52)
406 (56)
746 (14.0)
285 (46)
934 (10.4)
359 (8.0)

259(55)

138

750 (15)
250(5)
409 (10.7)
20(10)
5.0(25)
13.0(65)
3005)
16.0 (80)
10(5)
350(7)
50.0 (10)
150 (3)
00(0)
55.0 (1)
45.0 (9)
150 (3)
350(7)
500 (10)
825 (21.4)
307 (9.0)
97.8 (12.8)
386(7.2)

201(7.1)

0514

0.140

0.650

0.374

0.678

0.045

0114

0.164

0.290

0.082

‘Chi-square, Fisher Exact or T-Student test depending on the type of variable for the difference of sample; BMI: Body Mass Index. WC: Waist Circumference. In bold type, p<0.05.
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Assessed for eligibility (n=192)

Randomized (n=162)

Allocated to GOE (n=80) ] [ Allocated to Placebo (n=82)

Week 4

Completers: n=75 Completers:

Dropout: n=4 Dropout:
= Poor compliance (s = Poor compliance (n=1)
= Lost to follow-up (i = Lost to follow-up (n=6)

=75

Week 8

Completers: n=72 Completers: n=73
Dropout: n=3 Dropout:
« Withdrawal of consent (n=1) = Lost to follow-up (n=2)
« Lost to follow-up (n=2)

Week 12 (follow-up)

Completers: n=71 Completers: n=72
Dropout: n=1 Dropout: n=1
- COVID-19 (n=1) = Lostto follow-up (n=1)

Analyzed for efficacy and safety outcomes: n=161
Completers: n= 143
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Variables

Symptom

count (M +SD)

p value

Gender

Educational level

Employment

situation

Marital status

Psychological

treatment

Weight status

Female
Male

Primary or less
Secondary
University
Unemployed
Employed

University

students
Single
Married
Divorced
Widower

No

Yes

Normal weight
Overweight
Obesity

T-student test or ANOVA test.

247 (2.67)

1.72(2.30)
213 (260)
167 (2.06)
264(282)
183 (2.18)
238 274)

333(115)

1.96 (2.41)
231(261)
3.07(3.08)
1.00 (0.81)
213 (241)
242(284)
1.79 (247)
1.98 (2.27)
2,68 (283)

0086

0056

0110

0151

0752

0219
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Symptom count (n)
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Model Variables b t

1 Depression 0519 5.021%% 31%
2 Depression 0519 5.021%% 31%
Impulsivity 0402 3.895%% 16%

9 >0.05; **p >0.00L.
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Symptom count (n)

10
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Model Variables
1 Depression
2 Depression

Trait anxiety
3 Depression

Trait anxiety

Impulsivity

9 >0.05; **p >0.00L.

0377

0377

0292

0377

0292

0245

t
3.339%%
4339%
2469%
4339%
2469%

2137%

R adjusted
2%
2%
12%
2%
2%
5%
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Model Variables b

1 ‘Working memory ~0389 ~3.189% 18%

2 Working memory 0389 ~3.189% 18%
Flex ~0257 ~2.083% 6%

9 >0.05; **p >0.00L.
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Female 67.7107)
Gender, % ()

Male 323(51)
Age, (M£SD) Years. 47.8(14.9)

Primary or less 146 (23)
Educational level, % (1) Secondary 34.2(54)

University 512(81)

Unemployed 297 (47)
Employment situation, % (1) Employed 68.4(108)

University Students 190)

Single 32361

Married 56.3 (89)
Marital status, % (1)

Divorced 89(14)

Widower 254
Psychological treatment, % | No 639 (101)
(n) Yes. 36.1(57)

Normal weight 209(33)
Weight status, % (1) Overweight 37.3(59)

Obesity 418 (66)

Weight (kg) 755 (152)

BMI (kg/m2) 287(53)
Anthropometric measures,

WC (em) 93.9(10.8)
(M£5D)

Body fat (%) 362(79)

Lean mass (kg) 263(57)





OPS/images/fnut-11-1387514/fnut-11-1387514-t001.jpg
Mean (SD) or N (%)

Age (years) 109 (1.16)
Child biological sex
Male 86 (57.0%)
Female 65 (43.0%)
Ethnicity
141 (93.4%)
Hispanic 6(4.0%)
Prefer not to answer 4(2.6%)
Race
White 143 (94.7%)
Non-White 8(5.3%)
BMI Z-score 0.468 (0.953)
BMI category
Underweight (<5th percentile) 10.7%)
Healthy weight (5th to <85th percentile) 105 (79.5%)
Overweight (85th percentile to <95th percentile) 21 (13.9%)
Obese (295th percentile) 24(15.9%)
Household annual income
525,000 2(1.3%)
$25,000-64999 19.(12.6%)
$65,000-144,999 75 (49.7%)
$145,000-225,000 35(23.2%)
>$225,000 16.(10.6%)
Prefer not to answer 4(2.6%)
Parent’s education level
High school graduate or GED 5(3.3%)
Some post-high school, no degree 11(7.3%)
Associates degree 8(5.3%)
Bachelor’s degree 41(27.2%)
Professional school or graduate school 85 (56.3%)
Missing 10.7%)

Physical activity (active for at least 60min per day in the past 7 days)

No days 3(20%)
1day 4(26%)
2-3days 50 (33.1%)
4-5days 61 (40.4%)
6-7days 32(21.2%)
Missing 1(0.7%)
European ancestry
European 136 (90.1%)
Non-European 15 (9.9%)
MC4R 15571312
cco 82 (54.3%)
AC(1) 62 (41.1%)
AAQ) 7(4.6%)
FTO_rs9939609
TT(0) 62 (41.1%)
AT (1) 73 (48.3%)

AR 16 (10.6%)
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Unadjusted Adjusted model
models® 250

t-

LR alue

p-value p-value

FTO 159939609 (TT vs. AT vs. AA)

Nucleus R 1354 0178 1426 0156
accumbens L 1081 0.281 1017 0311
Orbitofrontal | R 0,035 0972 ~0339 0735
cortex L 0.076 0940 ~0238 0812
R ~0892 0374 -1143 0255
Amygdala
L 0211 0833 ~0291 0772
R 0.368 0713 ~0042 0.967
Insula
L 0.669 0.505 0340 0734
Ventral R -0.226 0821 ~0.116 0.908
tegmentalarea | . 0.205 0838 0130 0896
Substantia R 0.070 0.944 0034 0973
nigra L 0,036 0971 ~0001 0999
Lateral R 1958 0052 2.602 0.010
hypothalamus | 1. 1491 0.138 1743 0.083
MC4R 15571312 (CC vs. AC+AA)
Nucleus R 0.999 0319 0.903 0.368
accumbens L 0260 0795 —0071 0944
Orbitofrontal | R 0.634 0527 0.269 0789
cortex L 0731 0.466 0.265 0792
~0793 0429 ~0837 0404
Amygdala
~0221 0825 ~0228 0820
R ~0614 0510 -1010 0314
Insula
L 0045 0.964 ~0.486 0.628
Ventral R 0124 0.901 0043 0.966
tegmentalarea |, 0119 0905 ~0.049 0961
Substantia R 0016 0.987 ~0.126 0900
nigra L ~0247 0.806 ~0514 0,608
Lateral R 1201 0232 1120 0.265
hypothalamus . 0.800 0425 0881 0380
Pediatric PRS Z-score.
Nucleus R 1070 0.286 1048 0.296
accumbens L 1057 0292 1051 0295
Orbitofrontal R 1088 0278 1005 0317
cortex L 1179 0240 1030 0305
~0392 0.69 ~0415 0.679
Amygdala
L -0513 0.609 ~0475 0.636
R 0.748 0456 0558 0577
Insula
L 1249 0214 0.800 0425
Ventral R 0.026 0.980 ~0267 0790
tegmentalarea |, 0.247 0.805 ~0.106 0916
Unadjusted Adjusted model
models® 2
t  p-value p-value
value value
Substantia R 0523 0.602 0.250 0803
nigra L -0277 0782 ~0.446 0656
Lateral R 0450 0.654 0.187 0852
hypothalamus . 0.984 0326 0897 0371

‘Bold values represent the statistical significance at p-value <0.05.
“Covariates include BMI Z-score, age, sex, physical activity, annual household income, European ancestry, and satiety post-meal (%).
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Direct effects

Eating self-efficacy (SE)

Eating behavior (EB)

B (SE) B T-value B (SE) B T-value
95% ClI 95% ClI
Social support (SS) 0.385 (0.047)*** (0.292, 0.478) 8.125 —0.067 (0.009)*** (—0.085, —0.050) —7.736
Body mass index (BMI) —0.369 (0.103)*** (—0.571, —0.168) —3.590
SS x BMI —0.021 (0.008)** (—0.036, —0.006) —2674
Eating self-efficacy (SE) —0.054 (0.004)*** (—0.062, —0.046) —13.159
Weight concern (WC) —0.040 (0.008) (—0.020, 0.110) —0.484
SE x WC —0.0008 (0.0003)* (—0.0015, —0.0001) —2.283
Conditional indirect effects Effect 95% ClI
SS — SE — EB: low BMIL, low WC —0.023 (—0.031, —0.009)
SS — SE — EB: low BMI, medium WC —0.027 (—0.036, —0.011)
$S — SE — EB: low BMI, high WC —0.032 (—0.043, —0.013)
SS — SE — EB: medium BMI, low WC —0.017 (—0.024, —0.011)
SS — SE — EB: medium BMI, medium WC —0.021 (—0.027, —0.015)
SS — SE — EB: medium BMI, high WC —0.024 (—0.033, —0.016)
SS — SE — EB: high BMI, low WC —0.012 (—0.025, —0.006)
SS — SE — EB: high BMI, medium WC —0.014 (—0.031, —0.007)
SS — SE — EB: high BMI, high WC —0.017 (—0.035, —0.008)

SE, standard error; 95% CI = 95% confidence interval. *p < 0.05, **p < 0.01, **p < 0.001.
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Variables Moderator Values Effect 95% ClI
Lower limit Upper limit
Social Support Body mass index Low (-1SD) 0.506** 0.376 0.636
Medium (the mean) 0.385%** 0.292 0.478
High (+ 1SD) 0.265%* 0.138 0.391
Eating self-efficacy Weight concern Low (-1SD) —0.045%** —0.055 —0.035
Medium (the mean) —0.054+* —0.062 —0.046
High (+ 1SD) —0.063*** —0.075 —0.051

95% CI = 95% confidence interval. ***p < 0.001.
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Aurisk of social withdrawal ref. No)

Belhavioral domain

07303110 1.16)

Psychosocial Risk Factors BOS% C1)
Sociodemographic domain
‘Gender: Female/Not Reported (rf. Male) —_— 051(032100.70)
Personality domain
“Trait Impulsveness 0.05(0.04100.06)
Social Anxiety Disorder Yes (ref. No) —_— 046 (0.16 10 0.75)
Depression Disorder Yes (ref. No) B 040(0.09100.70)

Last month substance consumption Yes (ref. No)

SMA Yes (ref. No)

1GD Yes ref. No)

Doxsing suffered (ref. No)

‘Online Self-Harm Challenge engagement ref. No)

Fruit and Vegetable Diet Habits: Weekly/Not every week (tef. Never)

03301210055
11707910155
076(05310099)
0230041004
05302110085

024(0.4010-008)
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Pychosocial Risk Fctors
Sociodemographic domain

Gender:Female . Male)
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Variables

Correlations

3
1. Social support 50.030 10.414 1.000 0.218*** —0.2227% —0.064* —0.1424**
2. Eating self-efficacy 55.390 22.334 1.000 —0.033+** —0.123%* —0.175%**
3. Eating behavior 18.570 4.206 1.000 0.091* 0.025
4. Body mass index 20.417 5.752 1.000 0.276**
5. Weight concern 13.523 11.592 1.000

N =1986; **p < 0.01, ***p < 0.001.






OPS/images/fnut-11-1400815/fnut-11-1400815-t002.jpg
Measures Variables M [Range] SD

EEQ Emotional eating 98[2-29] 583
IAT Internet overuse 3071 [4-63] 13.06
AUDIT Alcohol consumption 5.64(0-21] 48
BDI Depression 12.41[1-36] 9.57
Anxiety state 2493 (11-36] 488
STAL
Anxiety trait 2857 (17-38) 442
BIS Impulsivity 23.14[8-37) 695
Processing speed 1 5.24(3.24-574) 109
Processing speed 2 5.62[3.53-5.94] 128
icr Planification 4553 [39-72] 724
Working memory 2703 (17-28) 187
Flexibility ~271[-7-0] 135

AUDIT, Alcohol Use Disorders Identification Test; BDI, Beck Depression Inventory; BIS, Barratt Impulsiveness Scales EEQ, Emotional Eater Questionnaire; IAT, Internet Addiction Test; ICT,
lce Cream Test; STAL State-Trait Anxiety Inventory.
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GOE group Placebo group

WHOQOL-BREF

Change from Change from

Item/domain el baseline to week 8 Gereline baseline to week 8
n=79) (n=83) (7275

Overall QoL 3.6(09) 0.2(0.8)* 3.8(0.7) 0.1(0.8) 0.282
Overall health 32(09) 03 (10)* 3.2(09) 0.2(09)* 0512
Physical health" 72.5(13.4) 42(11.0)* 74.8(12.8) -1.2(11.8) 0.006
Psychological' 645 (15.4) 3.9(109)* 69.6 (14.5) -12(89) 0.008"
Social relationships’ 70.3 (18.7) -1.3(16.4) 69.2(19.3) 1.3(16.4) 0.341
Environmental" 68.0 (11.5) 1.0(10.3) 69.7 (14.2) —09(128) 0.339

WHOQOL-BREF: abbreviated World Health Organization Quality of Life. A higher score indicated better outcome. 'Domains raw score were transformed on a scale from 0 to 100; Data is
expressed as mean (standard deviation); P-values are based on MMRM analyss for the change from baseline o week 8 between the groups; ‘Based on analysis of covariance controlled for
baseline; *Significance based on paired I-test between baseline to a respective time point; Bold indicates significant differences at p<0.05.
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Measures 10 11
1. EEQ

2 1AT 0332

3. AUDIT 0216 -0002

4. BDI 05485 0.466** 0.155

5. STAI (trait) 03704 0448+ 0.186 0275%

6. STAI (state) 0.249 0050 o -0053 | 0095

7. BIS 04495 0.376%* 0212 0075 | 0270 0338*

8. ICT Processing speed 1 0.002 0.168 0.149 0023 | 0219 0040 0239

9. ICT Processing speed 2 0.058 0.129 0318 0173 0139 0068 0073 0.638%*

10.ICT Phanification 0.183 0225 —0052 | 0164 | 0191 | 0005 0050 0344% 0.307%

1LICT Working memory —0084  -0045 | —0410%* 0017 0044 = —0055  —0303 = 0635 0453 0092

12.ICT Flexibility 0223 0062 0296 0171 003 | 0082 0000 —0154  -0547% 0084 0153

AUDIT, Alcohol Use Disorders Identification Test; BDI, Beck Depression Inventory; BIS, Barratt Impulsiveness Scale; EEQ, Emotional Eater Questionnaire; AT, Internet Addiction Tes; ICT,
Ice Cream Test; STAL, State-Trait Anxiety Inventory. *p <0.05; **p <0.01.
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GOE Placebo

Change from

Change from P1 P2

Baseline

baseline baseline
Measurement Baseline
Week  Week Week  Week
4 4
N=75 N=75
WHOQOL-BREF  Overall QoL 36(09) 04007) | 02(08) 38(07) 00507) 0108 0077 0011 0282
(quality of life) Physical health 725 (13.4) 45(99)  42(110) 748 (12.8) ~0.2(9.8) -12 0258 0.004 0.006
s
Psychological 645 (15.4) 47000)  39009) 696045 | -00(91) -12(39) 0033 0009  0.008'
Environmental 67.9(115) 40008) | 10003) 6970142 -19 -09 0387 0.001 0339
a12) (128

VAS Qol. panel Confidence level 672.1) 0521 | 0423 73(20) ~04(17)  -02(16) 0061 0006 0047
(perceived quality of  (cm)
life)
SE-36 (general health  Bodily pain 766(202)  48(2L0) | 56(250)  793(206) —29  51(190) 0405 0032 0§92
aspects) (229)

Vitality 616(153)  36(152)  78(158)  652(139)  04(136) 10(53) 0118 0179 0.009

Mental health 704(152)  27(127)  550132)  748(151) | 01(37)  08(152) 006 0229 0048
PSS (perceived stress) | PSS score 210(82) -21(7)  -32(65)  191(76) | -06(63) -06(75) 0124 011l 0.028
Sleep quality WASO (min) 380(18.1) - -07 357(165) - 540190) 0403 - 0.047

(169)

Successfully reduced smoking, n (%) - 42(545%) | 48 (66.7%) - 3B34%) | 36(493%) - 0.169% | 0.034%

GOE, Green Oat Extract; WHOQOL-BREF, abbreviated World Health Organization Quality of Life; VAS, Visual Analogue Scale; F-36, Short Form-36 Health Survey; PSS, Perceived Stress;
COMPASS, Computerized Mental Performance Assessment System; Data is expressed as mean (standard deviation); Data is expressed as mean (standard deviation) unless otherwise stated;
P1, Comparison between baseline values; P2, Comparison between GOE and placebo for change from baseline to week 4; P3, Comparison between GOE and placebo for change from baseline
(0 week 8; P-values are based on an independent f-tes; ‘Based on analysis of covariance controlled for baseline; *P-values are based on the Chi-squared test; Bold indicates significant
differences at p<0.05.
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Variable

Study level

Emancipated

Sentimental state

Current on diet

Eating disorder diagnosis

Variables
Graduate
Undergraduate
No

Yes

Single

Ina relationship
Yes

No

%

123%
87.7%
78.9%
211%
50.9%
49.1%
105%

89.5%

100%
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Total M(SD) Females M(SD) Males M(SD) F(1, 269), (p) ()

(skewness, kurtosis)

BED symptoms 9.37 (6.70) 1013 (6.68) 8.23(659) 7.63 (p=0.006)
(0:86,064) (1 =0.028)
Emotional distress: total 2168 (2024) 2255 (20.00) 20.38 (20.60) 159 (p=0.208)
(1.44,2.69)
Depression 6.63(7.36) 6.70(7.38) 651(737)
(168,3.67)
Anxiety 5.37 (6.45) 5.53(634) 5.13(6:63)
(153,198)
Stress 969 (8.42) 10.32(8.39) 875 (842)
(109, 1.40)
Work stress 210(067) 212(068) 2,07 (0.66)
(0.41,-025)
Dos: total 386 (0.62) 374(0.62) 404(057) 15.64 (p <0.001)
(~0.28,063) (n*=0.055)
Emotional reactivity 339(1.05) 3.66 (1.03) 298 (094)
(0.09,-0.38)
I-position 4.07 (0.80) 4.03(0.82) 4.12(0.76)
(-0.22,0.17)
Emotional cutoff 258 (0.85) 259 (088) 256 (081)
(0.49,0.42)
Fusion with others 367(0.81) 384(079) 340 (0.77)
(~0.32,0.27)

For skewness values: SE=0.15, for Kurtosis values: SE=0.29. For females: skewness values = —0.50 to 1.74, SE=0.19; kurtosis values =~0.27 to 3.67, SE =0.38. For males: skewness

values =~0.22 to 1.61, SE = 0.23; kurtosis valug 57103.90, SE=0.46.
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