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Editorial on the Research Topic
 Mindful eating and mindfulness-based practices for healthier eating




Mindfulness-based practices, including mindful eating, have received increasing attention as constructs that enable and support healthier eating behaviors, psychological wellbeing, and foster broader health outcomes across both clinical and non-clinical populations (e.g., Kristeller et al., 2014; Muñoz-Mireles et al., 2023). The present Research Topic brings together empirical, experimental, and review-based contributions that collectively add to the understanding of how mindfulness-based constructs and interventions may shape eating self-regulation, emotional processes, motivation, and health-related outcomes.

Several contributions in this set of Research Topic papers provide construct-level considerations, whereby the assumption of mindfulness and mindful eating subcomponents contributing uniformly to behavior was challenged. Yang et al. examined individuals with polycystic ovary syndrome and infertility, and their findings showed that mindfulness sub-constructs such as acting with awareness may indirectly reduce emotional eating through lower depressive symptoms. Meanwhile, a mindfulness sub-construct, that is, observation, was associated with increased emotional eating. Such results suggest that heightened awareness alone may be insufficient, without appropriate contextual framing or skill development, or in this context, the higher “observation” may be related to awareness (and worry) of increases in emotional eating for some people. Concerns about mindfulness constructs are further echoed in work addressing measurement and operationalization (Grossman, 2019). Hussain et al., across three studies, explored relationships between mindful eating behavior, decision-making for mindful eating, and descriptions of self-compassion. Their findings indicated that sensory attention and non-judgmental awareness are the components most consistently linked to self-compassion, another mindfulness-based construct, indicating how measurements in mindful eating may provide conflicting findings, while associations with body mass index remain elusive in current literature. These findings clarify the importance of including measures of eating behavior and overeating, which mindfulness-based programs are highly effective in treating (Kristeller and Jordan, 2018; Mason et al., 2016). Together with the findings of Yang et al., these two articles reinforce the need for conceptual clarity and careful selection of mindfulness-based measurements and constructs when interpreting outcomes and designing interventions. While findings are largely positive, the field is challenged by variability in definitions and measurement tools, intervention formats, proposed mechanisms of change, and effectiveness across populations and contexts (e.g., Grossman, 2019; Mantzios, 2023, 2025), concerns that need to be considered in the schema of strictly relying on cross-sectional data.

Extending beyond measurement problems and implications for practice, Moore et al. situated mindfulness within broader patterns of motive-driven eating. They found that lower dispositional mindfulness was uniquely associated with coping-, reward-, social-, and conformity-driven over-consumption of highly palatable foods. Significantly, coping- and reward-driven eating were more prevalent among individuals reporting mental health disorders, positioning mindfulness as a potential factor that links and buffers eating behavior for those with greater psychological vulnerability. Similarly, Ghabashi, using a broad measure of eating self-regulation that included healthy nutritional elements, found that eating fruit daily and regular breakfasts were related to less general anxiety among a large Saudi Arabian sample (93% women), and to higher self-esteem and satisfaction with daily life.

While some of the literature centers on individual health and focuses on internal benefits of mindfulness in this Topic, other contributions fostered external benefits by expanding the scope of mindfulness and mindful eating into fields of sustainability and dietary transitions. Giannou and Mantzios examined mindful eating, gratitude, and motivations to reduce food waste, and showed that both mindful eating and gratitude are positively associated with moral and financial motivations for waste avoidance. Despite mindful eating not moderating the gratitude–food waste relationship, non-judgmental awareness did, highlighting the role of self-regulation of attention, with eating being instrumental to support sustainable food practices. A similar expansion beyond individual behavior was evident in work on dietary change. Winkelmair and Jansen, in a randomized trial, evaluated the effects of two distinct mindfulness interventions and a stress-reduction program on affective evaluations of vegetarian foods. Improvements in explicit attitudes across groups, alongside the influence of social and personal norms on goal intentions, illustrated how internal psychological processes interact with social context to shape dietary transitions. Together, these contributions harness support for broader pro-environmental behaviors and sustainable food systems, enhancing the impact beyond individualistic benefits into socio-ecological perceptions and responsibilities. Importantly, transcending a narrower focus on individual health, and potentially self-centric health goals, by embracing broader sustainability and value-driven action, may provide a more robust and sustainable approach to enhancing individual health.

A key focus across contributions was the recognition and value of how mindfulness influences eating behavior, as already noted. Chu et al. open their paper with an overview of the negative effects of chronic dieting. Using a creative daily assessment approach, they show that body image mediates the inverse relationship between state mindfulness and overly restrictive eating. These findings emphasize the role of embodiment within mindfulness, suggesting that changes in how individuals relate to their bodies may be fundamental to more adaptive eating regulation. Exploring brain activity, Logemann-Molnár et al. show that dispositional mindfulness is associated with alterations in the balance between voluntary and stimulus-driven attention, independent of food-reward context and frontal brain asymmetry. Dispositional mindfulness appears to support attentional flexibility, providing additional support on how dispositional mindfulness may operate within eating-related decision making, protecting people from excessive focus on weight, while heightening appreciation of the quality of foods eaten.

Finally, the translational potential of mindfulness-based approaches was synthesized in a narrative review by Shao et al. that examined mindfulness-based interventions for adolescent obesity. Their review indicated that mindfulness can positively influence both physiological and psychological indicators during a critical developmental period, situating mindfulness-based practices as promising components of early prevention strategies, and aligning with findings in other research within this Topic Issue, with adult populations.

Collectively, the research contributions in this Research Topic issue demonstrate that mindfulness and mindful eating exert their effects through multiple, interacting pathways that encompass self-perception, attention, emotional regulation, motivation, and social context. Mechanistic insights, construct-level considerations, mental health relevance, and broader societal outcomes support a more mechanism- and context-sensitive application of mindfulness-based and mindful eating practices for future research and interventions in the field.
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Objectives: The main goal of our intervention study was to investigate whether two conceptually different mindfulness interventions positively impacted the explicit and implicit affective evaluations of vegetarian foods. We included possible mediating variables (e.g., wellbeing) and related our results to the stage model of self-regulated behavioral change (SSBC).
Methods: We implemented a compassion and caring-based mental training (N = 31) and an adapted MBSR course (N = 34) as mindfulness interventions, and a stress-reduction course (N = 26) as the active control group. The curriculums consisted of 12 weekly group sessions á 75 min. All participants were tested pre- and post-intervention and 3 months after the last intervention session, answered questionnaires (mindfulness, compassion, wellbeing, items of the SSBC) and completed an explicit affective evaluation task and an affective priming task.
Results: There was an improvement in the explicit attitudes toward vegetarian foods regardless of the intervention group. In the SSBC, we found a link between the explicit attitudes toward vegetarian foods and the indicated stage in the model. Multiple regression analysis revealed social and personal norms and a vegetarian/vegan diet as the only significant predictors for goal intention in the SSBC.
Conclusion: The results of our study suggest that both conceptually different mindfulness interventions, as well as a stress-reduction program, have a positive impact on explicit affective attitudes toward vegetarian foods. We highlight the meaning of inner dimensions and transformation for change processes for a more sustainable diet and the role of social and personal norms.

KEYWORDS
 mindfulness, attitudes, priming paradigm, vegetarian food, sustainable food consumption, sustainability, behavioral change, intervention study


1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) report states that “it is unequivocal that human influence has warmed the atmosphere, ocean, and land” (Allan et al., 2021, p. 4). A change of human behavior in a more sustainable direction thus seems inevitable. There is also an understanding that regarding sustainability, we need to focus more on the inner worlds, like emotions, thoughts, and beliefs, instead of addressing the climate crisis solely on collective or technological levels (Ives et al., 2020). Current research highlights the importance of the inner transformation that relates, for example, to values as a dimension of sustainability transformations (Woiwode et al., 2021). A noteworthy contribution to pro-environmental behavior at the individual level involves adopting a sustainable diet. The production and consumption of food can account for 19–29% of global anthropogenic greenhouse gas (GHG) emissions (Vermeulen et al., 2012). Hence, the food sector represents a decisive area for action, and the decision for a sustainable form of nutrition significantly contributes to personal sustainability. There are different ways of following a sustainable diet, like the preference for organic, regional, or seasonal foods but also the reduction of animal products such as meat (Von Koerber et al., 2017). However, according to the United Nations, a global development towards a plant-based diet can make a significant contribution to saving the world from the greatest damage of climate change (Alvaro, 2017). Thus, a vegetarian or even vegan diet is considered a promising and beneficial form of sustainable nutrition. Meanwhile, it is widely acknowledged that deficiencies in protein, a significant macronutrient in meat-based diets, do not necessarily manifest in vegetarian or vegan diets. Moreover, health benefits seem to arise from plant-based protein sources (Ewy et al., 2022). There are various positive effects of vegetarian nutrition—besides its lower environmental impact—such as better physical health, more positive feelings for moral reasons, and overall higher quality of life (Hargreaves et al., 2021). However, only 7% of the German population reported eating vegetarian (Statista, 2020). Accordingly, there is a high interest in promoting vegetarianism and, thus, a promising way to eat sustainably. Current research acknowledges the concept of mindfulness as a mechanism to foster sustainable consumption behavior and lifestyle (e.g., Ericson et al., 2014; Fischer et al., 2017; Geiger et al., 2020). Since most of the previous studies showed only small effects and were cross-sectional (Geiger et al., 2019), our study adds to this lack of research by investigating the potential impact of different mindfulness interventions on the affective attitudes toward vegetarian foods in a randomized controlled longitudinal design.

Mindfulness can be described as “the awareness that emerges through paying attention on purpose, in the present moment, and nonjudgmentally to the unfolding of experience moment by moment” (Kabat-Zinn, 2003, p. 145). It can be regarded in several ways: as a state that can be achieved through meditation, a dispositional trait, a type of meditation practice, or an intervention (Vago and Silbersweig, 2012). Mindfulness as a trait can be increased by regular meditation practice and thereby caused neuroplastic changes (Hölzel et al., 2011). Different forms of meditation can be used as elements of mindfulness interventions, such as attentional or constructive meditation practices, according to the classification scheme of Dahl et al. (2015). Attentional practices aim to train processes related to the regulation of attention and strengthen the cognitive function for being aware of the processes of thinking, feeling, and perceiving. It can be differentiated between focused-attention and open-monitoring practices. Focused-attention practices involve a narrowing of the attentional scope and concentration on one single object, such as breath counting (Lutz et al., 2008). Open-monitoring practices involve an expansion of the attentional scope and, thus, a flow of perceptions, thoughts, and awareness. A well-established and evidence-based example of open-monitoring meditation practice is the Mindfulness-based stress-reduction (MBSR) program. In this intensive mindfulness training, the individual learns to observe experiences instead of being wholly immersed (Kabat-Zinn, 1982). It includes formal mindfulness practices to increase attentional control and the non-judgmental attitudinal aspects of mindfulness. Constructive meditation practices strengthen psychological patterns that foster wellbeing by replacing maladaptive self-schemes with more adaptive self-understandings.

In contrast to the attentional family, meditation forms of the constructive family involve an active and systematic change in the cognitive and affective contents instead of monitoring and simply observing the present thoughts and emotions (Dahl et al., 2015). A widely used form of meditation within the constructive family of meditation forms is loving-kindness meditation (LKM; Lippelt et al., 2014). LKM focuses on developing love for oneself, a beloved person, a stranger, and a person one does not like. This style of practice can enhance mindfulness as well as the awareness of the own environment. With its focus on warm-heartedness, it can also increase positive emotions, emotional wellbeing (Fredrickson et al., 2017), a sense of connectedness toward others (Hutcherson et al., 2008), and compassion (Luberto et al., 2018) and impact prosocial behavior (Böckler et al., 2018).

The concept of mindfulness is discussed as a potential related factor for sustainability in sustainable consumption research. A core quality of mindfulness is the ability to disengage from an automated thought-processing mode (Rosenberg, 2004) and enable more conscious choices by the disruption of routines. Besides that, Fischer et al. (2017) identified at least three other mechanisms of trait mindfulness for sustainable consumption: congruence of attitude and behavior, non-material values and wellbeing, and prosocial behavior. However, in addition to its qualities of awareness, the gentle emotional quality of mindfulness (Kabat-Zinn, 2003) that can be experienced through exercises of the constructive family such as LKM, can also be seen in relation to sustainable consumption as it fosters pro-environmental tendencies (Pfattheicher et al., 2016) and sustainable decision making (Engel et al., 2020). As mentioned above, the practice of LKM strengthens prosociality (Böckler et al., 2018) and increases feelings of social connection (Hutcherson et al., 2008). These attributes, in turn, have been observed to be linked with sustainable behavior (de Groot and Thøgersen, 2012). In the present study, we focus on the potential role of two conceptual different mindfulness interventions—one rather cognitive, awareness focused and one rather compassion oriented—for vegetarian food consumption.

The connection between mindfulness facets and sustainable nutrition has been investigated in a few studies so far. For example, Jacob et al. (2009) found a significant link between sustainable food practice and the frequency of mindfulness meditation. Hunecke and Richter (2019) investigated the relation of five dispositional mindfulness facets (observing, describing, acting with awareness, nonjudging of inner experience, nonreactivity to inner experience) with the following constructs: construction of meaning in life, sustainability-related meaning, personal ecological norm, and sustainable food consumption. Their study revealed a direct relationship between the mindfulness facet acting with awareness and self-reported sustainable food consumption. An enhancement in this dimension of mindfulness might thus support the choice of sustainable food. However, this direct relation was only observed for sustainable food choices but not for a vegetarian lifestyle which might be more influenced by moral norms like animal welfare and ecological norms. The follow-up study of Richter and Hunecke (2020) provides a theoretical approach to how different dimensions of mindfulness and the change process of human behaviors towards organic food consumption are linked. Their model is based on the stage model of self-regulated behavioral change (SSBC) by Bamberg (2013), which incorporates variables of the theory of planned behavior (Ajzen, 1991), the norm-activation model (Schwartz, 1977), and stages of behavioral action adapted from the mindset theory of action phases by Gollwitzer (1990). In the context of nutrition, the SSBC of Bamberg (2013) has been applied to beef consumption by Klöckner (2017). This investigation revealed attitudes as the main determinants for the choice of an alternative behavior, e.g., the substitution of beef with other meats or seafood, or vegetarian meals, and emphasizes the role of social norms and the awareness of negative consequences of behaviors through personal norms for the goal intention of reducing beef consumption. In the framework of Richter and Hunecke (2020), an adapted and reduced version of the SSBC by Bamberg (2013) was used, comprising different types of intentions (goal intention, behavior intention, implementation intention) and a fixed sequence of stages toward behavioral change (pre-decision, pre-action, action, and post-action stages). They include stage-specific variables that influence intentions and behavior such as social norms, personal norms, attitudes, perceived behavior control, and different forms of self-efficacy. Their cross-sectional online study revealed a significant relation between the mindfulness facet observing and goal intention and an indirect effect on goal intention towards organic food consumption, which was mediated by social and personal norms, and explicit attitudes. The predictive value of personal and social norms, attitudes, and perceived behavior control thus must be considered. Siebertz et al. (2022) applied the adapted SSBC by Richter and Hunecke (2020) in the context of vegetarian and vegan food consumption and dispositional mindfulness. Their results showed that the mindfulness facet observing correlated with the explicit attitudes and goal intention and that personal norms mediated the link between observing and goal intention. However, in the SSBC, only explicit attitudes are considered. But besides these controlled-conscious attitudinal aspects there is also an implicit, rather uncontrolled-unconscious dimension of human attitudes as dual-process models propose (Cameron et al., 2012). Combining both explicit and implicit measurements can help reveal underlying attitudes and explain the willingness for behavioral changes. By including implicit attitudes in the model, the SSBC could benefit from capturing not only self-reports but also aspects that are rather unavailable to consciousness.

Conscious attitudes can be assessed through explicit measurements, e.g., direct questions, whereas subconscious attitudes require implicit measurements, like the affective priming task focusing on the affective component of implicit evaluations. In this paradigm, the response latency on a target stimulus after the presentation of a prime stimulus is measured (De Houwer et al., 2009). However, research has proved that a person’s explicit and implicit attitudes are not always related (Cameron et al., 2012). There is a growing awareness that individual consumption decisions are also influenced by an automatic, unconscious component (Panzone et al., 2016). Especially in the field of sustainability, considering both dimensions of attitudes might be crucial as previous research revealed a low congruence between explicit and implicit sustainability orientations (Steiner et al., 2018). Consistent with this finding, Jansen et al. (2021) discovered a more positive explicit attitude towards e-mobility compared to gasoline cars, while no higher affective implicit rating could be observed. In the context of nutrition, previous research showed that explicit attitudes toward vegetarian and vegan foods depend on the preferred diet: Omnivores rated pictures of meat-based food as more positive, and non-omnivores vegetarian and vegan food. Nevertheless, all participants rated non-omnivorous food implicitly more positively (Siebertz et al., 2022). In addition, another study using actual supermarket shopping data could demonstrate that explicit and implicit attitudes influence consumer decisions differently in specific food categories (Panzone et al., 2016). These findings suggest that research in sustainability and sustainable behavior could yield important insights by exploring both explicit and implicit attitudes and their (in)congruence (Steiner et al., 2018).

Mindfulness interventions might help to reconcile the unconscious and conscious aspects of attitudes. Previous research suggests that due to focusing on the current situation, mindfulness meditation can reduce the impact of past experiences on the present moment and therefore lead to reduced activation of automatic associations (Lueke and Gibson, 2015). One central idea of mindfulness is that it increases awareness of impulses, and while accepting these events, a person can prevent automatically acting on them. Thus, mindfulness has the potential to enhance controlled processes while regulating automatic processes (Karremans and Papies, 2017).

The main goal of this study was to investigate whether a cognitive oriented mindfulness intervention and a compassion and caring-based intervention that involves meditation forms of the constructive family positively impact the explicit and implicit affective evaluations of vegetarian foods as a form of sustainable nutrition. We implemented two conceptual different mindfulness training programs: an adapted MBSR training and a compassion and caring-based mental training including LKM and affect dyads. As an active control group, a third group received stress-reduction training. Since previous research emphasizes the significance of mediating factors in the relationship between mindfulness and sustainable consumption, we included possible influencing variables such as wellbeing and compassion. Also, we applied the modified version of the SSBC of Richter and Hunecke (2020) and investigated the role of explicit and implicit affective attitudes for goal intention and their link to stage affiliation towards a vegetarian diet. Our hypotheses are as follows:


H1: First, since previous research showed a correlation between mindfulness and affective attitudes (e.g., Jansen et al., 2021), we assume that both the adapted MBSR and the compassion and caring-based intervention groups improve the explicit and implicit affective attitudes toward vegetarian foods compared to the active control group. If the improvement is due to a change in the daily awareness of impulses (Karremans and Papies, 2017; Hunecke and Richter, 2019), it should be higher after the attention-focused meditation training (adapted MBSR) compared to the compassion and caring-based mental training. On the other hand, if the improvement is due to a change in the feeling of connectedness to others (Hutcherson et al., 2008) and a higher prosocial behavior (Böckler et al., 2018), it should be the other way around.
H2: According to Richter and Hunecke (2020), the behavioral change toward sustainable food consumption follows a fixed sequence of stages. We, therefore, hypothesize that a higher stage in the SSBC is linked to a more positive attitude toward vegetarian food.
H3: In the SSBC of Richter and Hunecke (2020), not only (explicit) attitudes and the facets of mindfulness but also personal and social norms are related to goal intention in the pre-decision stage. For this, we would like to investigate if mindfulness trainings predict together with the attitudes toward vegetarian foods, social and personal norms, a vegetarian diet, the different mindfulness facets, compassion, and wellbeing the goal intention for a vegetarian diet.
H4: In line with the results of Steiner et al. (2018), Jansen et al. (2021), and Siebertz et al. (2022), we expect only a marginal correlation between the explicit and implicit affective ratings in the pre-test, if any. However, since mindfulness might be a factor that could lead to reduced activation of automatic associations (Lueke and Gibson, 2015), we hypothesize a stronger correlation between the explicit and implicit affective attitudes after the interventions.





2. Materials and methods


2.1. Participants

Using G*power (Faul et al., 2007), power analysis for the repeated measurements ANOVA within-between interaction (within factor: three time points of measurement, between factor: three groups) of our central hypothesis 1 was performed. Consequently, with a small effect size of f = 0.15, a power of 1–ß = 0.80, and a standard alpha probability of 0.05, we aimed for a total sample size of N = 93. Participants were recruited through the institute of sports science newsletter at the University of Regensburg and student groups on social media. Students of sports science received course credit for their participation. However, there was no academic connection between the investigator and the subjects to control for possible social desirability effects. The study was conducted in line with the ethical guidelines of the Helsinki Declaration and approved by the ethics board of the University of Regensburg (Reference number: 20-1740-101). It was preregistered prior to data collection at OSF.1 All participants were informed and gave their written consent. We collected the data of 119 participants pre-intervention, 98 post-intervention, and 94 at the time of follow-up measurement three months after the intervention. Six participants left the study between the pre-test and follow-up in the compassion and caring-based mental training group, four in the adapted MBSR group, and seven in the active control group. Eight subjects left the study before the intervention groups were assigned. The primary reasons for dropout during the 12-week intervention groups were the change of study program, prolonged illness, and lack of time for attending the weekly group sessions. In addition, three more participants had to be excluded due to more than 50% incorrect responses in the affective priming task, resulting in a final sample size of 91 participants (compassion and caring-based mental training group: N = 31, adapted MBSR group: N = 34, active control group: N = 26) consisting of 54 women and 37 men (M age = 22.44, SD = 2.39).

[image: Diagram illustrating a visual sequence with four overlapping panels showing a fixation cross, an image of tomatoes and greens, a fixation cross, and the word sunny, with labeled durations in milliseconds indicating the timing of each screen.]

FIGURE 1
 Procedure of the implicit affective priming task.




2.2. Procedure and design


2.2.1. Intervention

We implemented two conceptually different mindfulness curriculums as interventions and an active control group. All three programs consisted of 12 weekly group sessions á 75 min and weekly homework assignments. To keep group sizes as small as possible, we scheduled two groups at different times for each program, resulting in subgroup sizes of between 17 and 21 participants. Experienced trainers with specific mindfulness education taught all groups. No sustainability-related content was discussed or implemented in any of the groups.


2.2.1.1. Compassion and caring-based mental training

The core exercises of this curriculum were LKM (Salzberg, 2004) and affected dyads. In LKM, the participants are introduced to a way to offer love to themselves, other people, or animals. People are asked to mentally repeat phrases like “May I/you be happy,” “May I/you be healthy,” “May I/you be safe,” and “May I/you live with ease” (Trautwein et al., 2020). Furthermore, affect dyad situations were applied where partners sit face to face, and one partner contemplates a situation to a specific theme of the main topics. The other partner listens attentively without giving any verbal or non-verbal feedback. Each session included a talk about a specific topic. The main subjects of this course were breath, handling difficult emotions, the four Buddhist Brahmaviharas, prosociality, compassion, appreciative joy, equanimity, forgiveness, gratitude, and self-compassion. All sessions followed a fixed sequence of quiet time, check-in, talk, meditation, exercise, homework, and check-out.



2.2.1.2. Adapted MBSR training

The adapted MBSR training was taught in line with the original course of Kabat-Zinn (1990). The well-established curriculum includes the following elements of meditation: body scan, mindful eating, emphasizing the breath, and sitting and walking meditation training. Every session contained a talk about specific topics such as different forms of meditation and problems that may arise with them, different levels of sensation during meditation, coping with complex thoughts and feelings, being mindful of the body, and attentional control. The focus of this mindfulness group was on the rather cognitive elements of mindfulness and its qualities of awareness. In line with the compassion and caring-based mental training curriculum, all sessions followed the same fixed sequence of quiet time, check-in, talk, meditation, exercise, homework, and check-out.



2.2.1.3. Active control group

We implemented a stress-reduction program as an active control group. This course taught progressive muscle relaxation (PMR), as it had already been used in mindfulness research (Gao et al., 2018). The curriculum was taught in line with the manual by Hofmann (2020) and included training in lying, sitting, and imagination practice. There was no overlap in content between the active control group and the two mindfulness interventions, and strict consideration was given to avoid any mindfulness-related exercises in this stress-reduction program.




2.2.2. Experimental pre/post/follow-up design

We applied a three (group: compassion and caring-based mental training, adapted MBSR, active control group) x three (time: pre-test, post-test, follow-up) design. Participants were randomly assigned to one of the three groups. They were unaware of their group assignment and were instructed not to interact with other study participants of the other two groups about the content of the group sessions. Participants had to attend at least nine weekly meetings (this differs from our preregistered exclusion criterium of the maximum of two missing sessions, but we decided to mitigate this criterium due to the current Covid-19 situation). There were three time points of measurement: (1) within two weeks before starting of the intervention groups (pre-test), (2) within two weeks after the last group sessions (post-test), and (3) around three months after the last group sessions (follow-up). We included a follow-up measurement to assess longer-term changes beyond the intervention sessions. We chose a three-month period as this period corresponds to the semester break and thus the post-tests were conducted at the end of the semester and the follow-up tests at the beginning of the new semester. The tests lasted about 20 min each and included questionnaires presented via the software Sosci Survey (Leiner, 2019) and two tasks for measuring explicit and implicit attitudes. Both tasks were programmed in OpenSesame (Mathôt et al., 2012).




2.3. Measures

We reported McDonald’s Omega as an internal consistency index and used the pre-test data (N = 119) for its calculation.


2.3.1. Demographic data

Questions concerning age, gender, education state, mother tongue, regular occupation, and family status were asked. Furthermore, the frequency and average duration in minutes of practicing yoga and meditation were assessed during the pre-test. In addition, questions regarding personal diet were asked: we registered eating habits (vegan, vegetarian, and omnivorous) and the personal importance of the own nutrition at all three measurement times to record change over the intervention. Last, we measured engagement with the content of the groups beyond the weekly sessions in the form of home assignments at the post-test and engagement with the material after the last group session at the follow-up measurement in weekly minutes.



2.3.2. Goal intention, stage affiliation, social and personal norms

For the implementation of the SSBC, goal intention, social and personal norms, according to Richter and Hunecke (2020), were assessed at all three measurement times. Two items measured the goal intention to eat more vegetarian meals (r = 0.84, p < 0.001) on a five-point Likert scale from 1 (“does not apply”) to 5 (“fully applies”). Also, social norm—the attitude of people considered personally necessary toward vegetarian meals—was measured by two items (r = 0.67, p < 0.001) and personal norm, in the sense of the own values toward vegetarian meals, by four items (ω = 0.80). The items of both norms had to be answered on a five-point Likert scale from 1 (“does not apply”) to 5 (“fully applies”). We calculated the mean value for goal intention and social and personal norms for the corresponding items. Furthermore, stage affiliation was determined by one single-choice item with four options, one option for each stage.



2.3.3. Mindfulness

Aspects related to mindfulness were measured by the German Five Facets Mindfulness Questionnaire (FFMQ; Baer et al., 2008; Michalak et al., 2016). The FFMQ comprises 39 items on five dimensions: observing (ω = 0.77; e.g., “I notice the smells and aromas of things.”), describing (ω = 0.93; e.g., “I am good at finding words to describe my feelings.”), acting with awareness (ω = 0.86; e.g., “I find myself doing things without paying attention.” [R]), nonjudging of inner experience (ω = 0.93; e.g., “I think some of my emotions are bad or inappropriate, and I should not feel them.” [R]) and nonreactivity to inner experience (ω = 0.84; e.g., “I perceive my feelings and emotions without having to react to them.”). All items had to be rated on a five-point Likert scale from 1 (“applies very rarely”) to 5 (“applies very often”), and the mean values for all five scales were composed.



2.3.4. Compassion

Compassion was assessed using the Compassion Scale (CS; Pommier et al., 2020). It comprises 16 items on four subscales: kindness (e.g., “I like to be there for others in times of difficulty.”), common humanity (e.g., “Everyone feels down sometimes, it is part of being human.”), mindfulness (e.g., “I pay careful attention when other people talk to me.”), and (inverted) indifference, separation, and disengagement (e.g., “I do not concern myself with other people’s problems.”, “I cannot really connect with other people when they are suffering.”, “I do not think much about the concerns of others.”). In the present study, a translated German version applied by Siebertz et al. (2022) was used. The participants stated how often they feel or behave in a specific way on a five-point Likert scale from 1 (“almost never”) to 5 (“almost always”). It should be noted that the CS subscale mindfulness differs conceptually from mindfulness as it was assessed by the FFMQ since its items concern interpersonal relationships in contrast to the latter. We computed the mean value of all 16 items (ω = 0.72).



2.3.5. Wellbeing

Wellbeing was measured by the Brief Inventory of Thriving (BIT; Su et al., 2014; Hausler et al., 2017). The BIT consists of ten items (e.g., “I am optimistic about my future”) that had to be evaluated on a five-point Likert scale from 1 (“strongly disagree”) to 5 (“strongly agree”). The mean value over all items was composed (ω = 0.80).



2.3.6. Explicit affective attitudes

We used an explicit affective evaluation task presenting five pictures of vegetarian foods and five meat dishes in random order. The pictures were derived from the food-pics extended image dataset (Blechert et al., 2019) and were matched in terms of familiarity, arousal, and valence using the ratings provided by the database. This same set of pictures has been used in the study of Siebertz et al. (2022). Also in line with the study design of Siebertz et al. (2022), we asked the following question for each picture: “How much do you like the food in the picture?.” They had to answer on a seven-point Likert scale from 1 (“not at all”) to 7 (“very much”) within 5 s to assess their spontaneous reaction. The mean scores for the explicit rating of vegetarian and meat-based foods were calculated.



2.3.7. Implicit affective attitudes

An affective priming paradigm (Fazio et al., 1995; Hutcherson et al., 2008) using the same pictures of the explicit evaluation task was applied. We implemented a short practice trial with four other non-food-related pictures before the central part of the task started. First, an initial fixation point was shown for 2000 ms in the center of the screen. After this, a picture of either a vegetarian or a meat dish appeared briefly for 315 ms. After another fixation point for 135 ms, a word picked randomly from a pool of four positive and four negative words retrieved from the Berlin Affective Word List (BAWL-R; Võ et al., 2009) was shown. The participants had to decide whether the shown word was positive or negative via the arrow keys and react as quickly as possible since the word disappeared after 1750 ms, see Figure 1. Each picture was combined with each word, resulting in 80 trials. If participants skipped a trial by answering too slowly, the trial with its respective picture-word combination was repeated at the end of the task. On average, over the 80 trials, M = 4.69 (SD = 9.15) in the pre-test, M = 2.66 (SD = 5.07) in the post-test, and M = 2.16 (SD = 2.43) in the follow-up, had to be imputed due to incorrect or too fast (below 100 ms) responses. After checking visually that empty values were missing at random, they were imputed by multiple imputation algorithms and pooling means. Subsequently, reaction times when categorizing picture-primed positive words were subtracted from reaction times when categorizing picture-primed negative words, separately for both picture categories and averaged, respectively. Thus, a higher difference score reflected a more positive attitude.



2.3.8. Personal evaluation of sustainability

The participants had to indicate on a seven-point Likert scale from 1 (“not at all”) to 7 (“very much”) how sustainable they evaluated the vegetarian and meat dishes shown in the pictures used in the explicit affective evaluation task and the affective priming paradigm. We separately composed the mean value for the vegetarian (ω = 0.68) and the meat-based (ω = 0.82) food pictures.




2.4. Statistical analysis

A three (time: pre-test, post-test, follow-up) x three (group: compassion and caring-based mental training, adapted MBSR, active control group) ANOVA with repeated measurements was conducted to find out if the intervention groups had an impact on the explicit and implicit affective attitudes toward vegetarian foods (hypothesis 1). To analyze if stage affiliation affects the explicit and implicit affective attitudes toward vegetarian foods (hypothesis 2), two one-way ANOVAs with stage affiliation as an independent variable were performed for all three measurements. Multiple linear regression analyses for the post-test and follow-up measurement were calculated for the dependent variable goal intention and the following predictors (hypothesis 3): group (compassion and caring-based mental training, adapted MBSR, active control group), explicit and implicit affective attitudes toward vegetarian foods, social norm, personal norm, vegetarian/vegan diet, the aspects of mindfulness (observing, nonreactivity, acting with awareness, nonjudging, describing), compassion and wellbeing. To account for multicollinearity, variance inflation factors (< 2.05) and tolerance (> 0.48) were considered and regarded as appropriate (O’Brien, 2007). The correlations between the explicit and implicit affective attitudes were calculated for all three measurement times (pre-test, post-test, and follow-up) and both food categories separately (hypothesis 4). We conducted a matched-pairs t-test to test whether there was a difference between the explicit rating of vegetarian and meat-based foods. Likewise, to analyze if there was a difference between the implicit affective ratings of meat and vegetarian foods, another matched-pairs t-test was performed for the reaction time difference score between negative and positive words. Last, we performed another matched-pairs t-test to test whether there was a difference in the personal evaluation of sustainability between the two categories of vegetarian and meat-based foods. Exploratorily, a possible change in mindfulness, compassion, and wellbeing due to the intervention was examined. The Greenhouse–Geisser adjustment was used for relevant results to correct for violations of sphericity. Analyses were performed using IBM Statistics SPSS 28.




3. Results


3.1. Demographic data

Age, education state, frequency of practicing meditation and yoga (at pre-test), as well as done home assignments (at post-test), and engagement with the contents of the group after the last session (at follow-up) are shown separately for each the three intervention groups in Table 1. The age of the participants differed between the three groups, χ2(2) = 9.72, p = 0.008, as well as the number of attended group sessions (compassion and caring-based mental training group: M = 10.29, SD = 0.74, adapted MBSR group: M = 10.44, SD = 0.89, active control group: M = 9.85, SD = 0.63; χ2(2) = 8.28, p = 0.016), but with no difference between the two mindfulness intervention groups. In addition, eating habits (vegetarian/vegan, omnivorous), the importance of their nutrition, and the three highest-rated reasons if a vegetarian/vegan diet was chosen are presented in Table 2 over all three points of measurement separately for the three groups.



TABLE 1 Mean (SD) of age, meditation, and yoga practice (min per year), home assignments and engagement with content of group after the last session (min per week), and relative frequency of education state, yoga, and meditation practice for each group.
[image: Data table comparing three groups—Compassion and caring-based mental training, Adapted MBSR training, and Active control group—by age, education, meditation and yoga practice frequency and duration, home assignments, and engagement, with percentage breakdowns for education and practice frequency, and means with standard deviations for each measure.]



TABLE 2 Mean (SD) of importance of nutrition and three highest rated reasons for a chosen vegetarian/vegan diet and relative frequency of eating habits for each group.
[image: Table comparing eating habits, importance of nutrition, and reasons for a vegetarian or vegan diet—sustainability, health, and moral—across three groups at pre-test, post-test, and follow-up. Data include proportions and mean scores with standard deviations for each variable.]



3.2. Effects of groups on the explicit and implicit affective attitudes toward vegetarian foods (hypothesis 1)

The repeated measure ANOVA for the explicit affective attitudes toward the vegetarian dishes showed a significant main effect of time, F(1.74, 152.82) = 4.43, p = 0.017, partial η2 = 0.048. There was no main effect of group (F(2, 88) = 0.60, p = 0.552), as well as no significant interaction between time and group (F(3.47, 152.82) = 1.21, p = 0.346). Subsequent performed Bonferroni-adjusted matched-pairs t-tests (p < 0.017) revealed a significant difference between the explicit attitudes in the pre-test and post-test, t(90) = −3.12, p = 0.001, 95% CI [−0.42, −0.09], d = 0.79, as well as pre-test and follow-up, t(90) = −2.20, p = 0.015, 95% CI [−0.46, −0.02], d = 1.06, but not between post-test and follow up, t(90) = 0.15, p = 0.441, see Figure 2. The repeated measure ANOVA for the implicit rating revealed no main or interaction effects.

[image: Bar chart comparing explicit affective attitudes toward vegetarian foods and meat-based foods at three time points—pre-test, post-test, and follow-up—using different bar colors. Attitudes toward vegetarian foods are higher and increase slightly over time, while attitudes toward meat-based foods are lower and decrease over time. Error bars are displayed for each bar.]

FIGURE 2
 Means (SE) of the explicit affective attitudes toward vegetarian and meat-based foods in pre-test, post-test, and follow-up.




3.3. Stage affiliation and explicit and implicit affective attitudes toward vegetarian foods (hypothesis 2)

In all three measurements, the explicit affective attitudes toward vegetarian foods descriptively were more positive the “higher” the stage of the participants (see Table 3). Regarding the implicit attitudes, the same tendency could be noted with one exception in the follow-up (see Table 4). The one-way ANOVA with stage affiliation as an independent variable revealed a significant difference regarding the explicit affective attitudes toward the vegetarian dishes between the different levels of stage affiliation in the pre-test, F(3, 87) = 4.70, p = 0.004, partial η2 = 0.140, the post-test, F(3, 87) = 5.79, p = 0.001, partial η2 = 166, and in the follow-up, F(3, 87) = 9.42, p < 0.001, partial η2 = 0.245. Turkey post-hoc analyses revealed a significant difference between pre-decision and post-action stages (pre-test: −0.97, p = 0.017, 95% CI [−1.81, −0.13], post-test: −1.19, p = 0.004, 95% CI [−2.07, −0.30], follow-up: −1.57, p < 0.001, 95% CI [−2.56, −0.58]) and pre-action and post-action stages (pre-test: −0.84, p = 0.039, 95% CI [−1.65, −0.32], post-test: −1.09, p = 0.040, 95% CI [−2.14, 0.55], follow-up: −1.45, p = 0.001, 95% CI [−2.44, −0.46]). There were no significant differences regarding implicit affective attitudes in all three measurements.



TABLE 3 Explicit affective attitudes toward vegetarian foodsa in the self-regulated behavioral change (SSBC).
[image: Table summarizing data for vegetarian eating stages across pre-test, post-test, and follow-up, including sample sizes, means, and standard deviations for pre-decision, pre-action, action, and post-action groups, with significant differences noted by superscript numbers.]



TABLE 4 Implicit affective attitudes toward vegetarian foodsa in the self-regulated behavioral change (SSBC).
[image: Data table summarizing the number of participants, mean scores, and standard deviations across four eating behavior stages—Pre-decision, Pre-action, Action, and Post-action—at Pre-test, Post-test, and Follow-up measurements, with detailed stage descriptions and a footnote explaining that higher values indicate more positive attitudes.]



3.4. Effects of groups, attitudes, social and personal norms, vegetarian diet, mindfulness facets, compassion, wellbeing on the goal intention (hypothesis 3)

The results of the multiple regression analysis for goal intention in the post-test showed that 82% (adjusted R2 = 0.61) of the variance is explained, F(14, 76) = 11.01, p < 0.001, with the two significant predictors personal norm and vegetarian/vegan diet (see Table 5a). In the multiple regression analysis in the follow-up, 86% (adjusted R2 = 0.68) of the variance is explained with the model, F(14, 76) = 14.87, p < 0.001. Besides personal norms and a vegetarian/vegan diet, social norm was the third significant predictor (see Table 5b).



TABLE 5A Regression-analysis with the criterion goal intention in the post-test.
[image: Table showing regression statistics for variables predicting goal intention after post-test. Personal norm and vegetarian/vegan diet have significant p values below 0.001. Other variables show non-significant associations.]



TABLE 5B Regression-analysis with the criterion goal intention in the follow-up.
[image: Statistical table displaying regression results for goal intention follow-up, including variables, coefficients (b), standard errors (SE), beta values (β), t values, p values, and ninety-five percent confidence intervals for predictors such as social and personal norms, compassion, wellbeing, mindfulness facets, attitudes toward vegetarian food, and diet group. Social norm, personal norm, and vegetarian/vegan diet have statistically significant associations with goal intention at follow-up.]



3.5. Correlations between explicit and implicit affective attitudes toward vegetarian and meat-based foods (hypothesis 4)

There was a significant correlation between the explicit affective attitudes and the implicit affective attitudes toward vegetarian meals in the pre-test, r = 0.27, p = 0.011, but neither in the post-test (r = 0.16, p = 0.121) nor follow-up (r = −0.04, p = 0.719). There was no correlation between the explicit and implicit affective attitudes toward the meat dishes (pre-test: r = 0.06, p = 0.600; post-test: r = 0.06, p = 0.600; follow-up: r = 0.04, p = 0.701).



3.6. Difference between explicit and implicit affective attitudes toward vegetarian and meat-based foods

The paired t-test revealed a significant difference between explicit affective attitudes toward vegetarian and meat dishes in the pre-test (vegetarian: M = 4.34, SD = 1.02; meat: M = 3.40, SD = 1.79), t(90) = 3.90, p < 0.001, 95% CI [0.46, 1.42], post-test (vegetarian: M = 4.59, SD = 1.15; meat: M = 3.28, SD = 1.74), t(90) = 5.07, p < 0.001, 95% CI [0.80, 1.82], and at the time of the follow-up test (vegetarian: M = 4.58, SD = 1.26; meat: M = 3.11, SD = 1.65), t(90) = 5.65, p < 0.001, 95% CI [0.96, 1.99]. Another paired t-test also resulted in a significant difference between implicit affective attitudes toward vegetarian and meat dishes in the pre-test (vegetarian: M = 23.74, SD = 70.04; meat: M = −15.44, SD = 86.97), t(90) = 3.40, p = 0.001, 95% CI [16.28, 62.07], post-test (vegetarian: M = 11.09, SD = 60.31; meat: M = −4.55, SD = 75.61), t(90) = 1.70, p = 0.047, 95% CI [−2.69, 33.96] and at the time of the follow-up test (vegetarian: M = 19.04, SD = 58.34; meat: M = 1.17, SD = 56.38), t(90) = 2.42, p = 0.009, 95% CI [3.20, 32.53]. The explicit and implicit affective attitudes toward the pictures of the vegetarian dishes were more positive than toward the meat pictures, with a small to medium effect size for the explicit attitudes (pre-test: d = 0.41, post-test: d = 0.53, follow-up: d = 0.59) and small effect size for the implicit attitudes (pre-test: d = 0.36, post-test: d = 0.18, follow-up: d = 0.25).



3.7. Rating of sustainability of the vegetarian and meat foods

There was a significant difference between the personal evaluation of sustainability between the vegetarian and meat foods at the pre-test (vegetarian: M = 6.08, SD = 0.59; meat: M = 1.65, SD = 0.65), t(90) = 50.50, p < 0.001, 95% CI [4.25, 4.60], post-test (vegetarian: M = 6.15, SD = 0.53; meat: M = 1.55, SD = 0.58), t(90) = 60.13, p < 0.001, 95% CI [4.44, 4.75], and at the time of the follow-up test (vegetarian: M = 6.09, SD = 0.58; meat: M = 1.57, SD = 0.59), t(90) = 52.09, p < 0.001, 95% CI [4.35, 4.70]. This indicates a higher sustainability evaluation for the vegetarian dishes with a medium to large effect size for the three measurement time points (pre-test: d = 0.84, post-test: d = 0.73, follow-up: d = 0.83).



3.8. Exploratory analysis

In an exploratory manner, we investigated whether there were changes in mindfulness (FFMQ), compassion (CS), and wellbeing (BIT) between the pre-test and post-test, dependent on the intervention group. Regarding mindfulness, a repeated measure ANOVA showed only an effect for the factor time, F(1, 88) = 8.61, p = 0.004, partial η2 = 0.089, but not for group, F(2, 88) = 0.03, p = 0.966, partial η2 = 0.001 or the interaction between time and group, F(2, 88) = 1.38, p = 0.257, partial η2 = 0.030. The mindfulness score was higher in the post-test (M = 3.30, SD = 0.50) compared to the pre-test (M = 3.40, SD = 0.51). No significant changes in compassion and wellbeing depended on time, group, or the interaction of time and group. Furthermore, there was no correlation between the difference of the pre- and post-test in the explicit attitudes toward vegetarian food and the change in mindfulness over time, r = 95% CI [−0.10, 0.31]. We further investigated whether the interventions impacted the explicit affective attitudes toward meat-based foods. The repeated measure ANOVA showed a significant main effect of time, F(1.81, 159.40) = 5.44, p = 0.007, partial η2 = 0.058, but neither a main effect of group (F(2, 88) = 0.14, p = 0.870) nor a significant interaction between time and group (F(3.62, 159.40) = 1.19, p = 0.315). Post-hoc Bonferroni-adjusted matched-pairs t-tests (p < 0.017) revealed a significant difference between pre-test and follow-up, t(90) = 2.76, p = 0.003, 95% CI [0.08, 0.50], d = 1.01, as well as post-test and follow-up, t(90) = 2.23, p = 0.014, 95% CI [0.02, 0.33], d = 0.75 (see Figure 2).

In an additional exploratorily analysis, we also considered potential gender differences in the explicit affective attitudes. An independent sample t-test revealed no significant differences between women and men in their explicit affective attitudes toward vegetarian foods during the pre-test. However, there were differences at the time of post-testing with more positive attitudes in women (M = 4.89, SD = 1.10) compared to men (M = 4.17, SD = 1.09), t(89) = −3.06, p = 0.003, 95% CI [−1.18, −0.25], d = −0.65. Regarding explicit attitudes toward meat-based foods, the pattern was reversed, with significant gender discrepancies in both pre-test (Z = −4.11, p < 0.001, Spearman’s ρ = −0.43) and post-test (Z = −3.89, p < 0.001, Spearman’s ρ = −0.41), as demonstrated by a Wilcoxon-Mann–Whitney test. Men showed more positive attitudes (pre-test: MRank = 59.70, post-test: MRank = 58.96) than women (pre-test: MRank = 36.61, post-test: MRank = 37.12).




4. Discussion

The results showed that the explicit rating of the vegetarian foods increased significantly between pre-test and post-test, and pre-test and follow-up regardless of the assigned group. There were no significant changes in the implicit attitudes toward the vegetarian pictures. Including the SSBC, our results revealed a significant difference in the explicit affective attitudes toward vegetarian foods depending on stage affiliation between the pre-decision and post-action stages and the pre-action and post-action stages at all three testing times. Nevertheless, no such connection could be found for the implicit measurements. Also contrary to our assumptions, the multiple regression model identified only two significant predictors for goal intention in the post-test: personal norm and a vegetarian/vegan diet. In addition to these two factors, the relation between social norms and goal intention was also significant at the follow-up. Last, in contradiction to the fourth hypothesis, we found a significant correlation between the explicit and implicit affective attitudes toward vegetarian foods in the pre-test but neither in the post-test and follow-up nor between the explicit and implicit affective attitudes toward the meat-based dishes.


4.1. Intervention groups and explicit and implicit affective attitudes toward vegetarian foods

As stated, the intervention effect towards a more favorable rating of vegetarian foods was rather general and unrelated to the assigned intervention. Neither the adapted MBSR and the compassion and caring-based as mindfulness interventions nor the stress-reduction program of the active control group seem more suitable for improving the explicit attitudes toward vegetarian foods. A possible explanation is that these attitudinal changes are attributed to the general engagement with oneself every week for 75 min, 12 weeks long, and not specific mindfulness practice. By taking time for themselves in stressful everyday life—whether in a mindfulness course or stress-reduction training—participants reflect, connect with themselves on a deeper level, and might set inner transformations in motion. According to Woiwode et al. (2021, p. 853), “inner dimensions and transformation are essential to understand and facilitate personal and collective processes of change in terms of our awareness and relationship to ourselves, others, and the environment.” Another interesting (exploratory) result is that the interventions seem to have affected the explicit affective attitudes toward meat-based foods. However, in contrast to the attitudes toward vegetarian dishes, the rating decreased over time. Again, this effect of the intervention was independent of the assigned group. Both conceptually different mindfulness interventions and the PMR training thus might not only improve the explicit attitudes toward vegetarian foods but also worsen the attitudes toward meat dishes which is also beneficial for the choice of a sustainable diet. Our exploratory analysis showed an improvement in mindfulness measured by the FFMQ in both mindfulness intervention groups, which can be considered a control measure for the effectiveness of the curriculums. However, the mindfulness score also increased in the active control group over time. This is consistent with previous research that indicates that although mindfulness is a mechanism specific to mindfulness interventions like MBSR, stress-reduction programs such as PMR can also improve mindfulness (e.g., Agee et al., 2009; Gao et al., 2018). An explanation for this result is that there are some overlapping aspects of PMR and mindfulness curriculums like MBSR, as both programs incorporate components that cultivate attentional processes. In PMR, the participants are guided to focus attention on specific muscle groups and their contraction and relaxation. Though achieved through physical rather than mental exercise, the concentration on the present moment is quite similar to the key elements of MBSR, like awareness of the present moment and attentional control. However, the changes in the explicit attitudes and the mindfulness score did not correlate. In addition, there were no positive changes in wellbeing for both mindfulness interventions and the active control group. This null effect contradicts previous findings that mindfulness interventions affect personal wellbeing (Geiger et al., 2020) and questions wellbeing as a mechanism for the relation between mindfulness and sustainable consumption in the context of vegetarian food (Fischer et al., 2017). Also, contradictory to previous research showing that LKM may enhance compassion (Luberto et al., 2018), there was no enhancement of compassion in the compassion training group. One reason might be that the intervention time of 12 weekly sessions of 75 min was too short and not intensive enough to change wellbeing and compassion. For instance, in the study of Trautwein et al. (2020), the training modules lasted for three months and included a three days long intensive retreat, 13 weekly group sessions á 120 min, as well as daily home exercises with audio streams for guided meditations and an interface for the dyadic exercises on an internet platform and smartphone applications. Another possible explanation worth considering is that there might be a third standard set of factors related to mindfulness and sustainable behavior (Geiger et al., 2020) or sustainable nutrition in particular. For example, Wamsler et al. (2021) mention five internal transformative qualities—awareness, connections, insight, purpose, and agency—that might mediate the relationship between mindfulness and pro-environmental behavior.



4.2. Implementation of the SSBC

Regarding the SSBC, our results confirm the plausibility of the suggested sequence in the vegetarian context: the explicit affective attitudes were descriptively more positive the higher the stage in the model. According to Richter and Hunecke (2020), people in the first stage—the pre-decision stage—might have no problem awareness of their environmentally harmful behavior and, thus, no plan to change their diet. In the second stage, the pre-action, awareness for a necessary change is formed, but there is no concrete plan for implementation, as this concretization comes only in the action phase. In this stage, people have planned the time and realization of their new behavior. Last, the change is accomplished in the post-action stage and the new behavior has become a new habit. We found a significant difference in the explicit affective attitudes between the stages pre-decision and post-action, as well as pre-action and post-action. This link between attitudes toward vegetarian foods and an actual implemented vegetarian diet again highlights the importance of human attitudes for sustainable behavior, especially when comparing earlier stages of behavioral change and the post-action phase. This development was not reflected in the implicit attitudes, at least statistically. However, it is in line with the study of Siebertz et al. (2022), who also did not find any evidence for a possible role of implicit attitudes in the SSBC toward vegetarian and vegan nutrition. Does this mean implicit attitudes are irrelevant to the behavioral change towards a vegetarian diet? Before making such a significant conclusion, it is worth using other implicit measurements in further studies. In the SSBC, attitudes, social, and personal norms are stage-specific variables for goal intention in the pre-decision stage. Nevertheless, attitudes did not predict goal intention in our study. A reason for this might be the different ratings of explicit attitudes. In our study, participants had to explicitly rate pictures of vegetarian and vegan food. In the study of Richter and Hunecke (2020), they had to complete a questionnaire. Food pictures draw attention and activate brain areas related to reward, salience, and cognitive control (Blechert et al., 2019). This is not the case for questionnaires. There was no relationship between any of the mindfulness facets and goal intention, which contradicts previous studies that showed a relation between the mindfulness aspect of observing and goal intention (Richter and Hunecke, 2020; Siebertz et al., 2022) and describing and goal intention (Richter and Hunecke, 2020). However, this emphasizes the importance and predictive value of one’s social and personal norms. This result strengthens the normative pathway in the two-pathway model of pro-environmental behavior (Thiermann and Sheate, 2020). Nevertheless, people’s values and personal attitudes are part of the inner transformation concept. This finding again highlights the relevance of inner dimensions for sustainability (Woiwode et al., 2021).



4.3. Explicit and implicit affective attitudes toward vegetarian foods

We compared the explicit and implicit affective attitudes toward pictures of either vegetarian or meat-based foods. Participants rated explicitly and implicitly vegetarian dishes more positive than the foods based on meat at all three measurements before and independent of the assigned intervention group. This is in line with previous results regarding the nutrition-related sustainability of Siebertz et al. (2022). In this study, non-omnivore participants evaluated explicitly and implicitly vegetarian compared to meat-based foods more positively. The differentiation between vegetarian and omnivore could not be conducted in the study presented here due to the relatively small number of participants. The individual rating of sustainability of the shown dishes revealed that the vegetarian dishes were estimated to be more sustainable than the meat foods, suggesting that the attitudes toward vegetarian and sustainable foods could have been investigated. However, among the participants that followed a vegetarian or vegan diet, the three most reported reasons for their eating behavior choices were sustainability, morale, and health. Hopwood et al. (2020) identified health as the most common motive for non-vegetarians to consider a vegetarian diet. Further individual characteristics of vegetarians can be gender, age, education, and income, such as personality traits (Pfeiler and Egloff, 2018). Therefore, the motives for maintaining a vegetarian or vegan lifestyle are manifold and may be complex. Thus, the more positive attitude toward vegetarian dishes cannot be attributed clearly to the perceived sustainability of the shown foods. Contrary to our fourth hypothesis, there was a correlation between the explicit and implicit evaluations of vegetarian foods in the pre-test but not in the post-test and follow-up. The lack of correlation is in line with previous findings that suggested a low congruence between the explicit and implicit attitudes in the context of sustainability (Steiner et al., 2018; Jansen et al., 2021). However, we assumed there might be a congruence after the mindfulness intervention groups since mindfulness could reduce the activation of automatic associations (Lueke and Gibson, 2015). The reason for this might be the choice of the implicit measurement paradigm (see 4.4. Limitations).



4.4. Limitations

We implemented a controlled longitudinal intervention instead of a cross-sectional design to allow causal conclusions and interpretations of effects. However, some limitations must be considered.

First, we only considered attitudes toward vegetarian foods as one possible way of sustainable eating behavior. As stated before, there are many different types of sustainable nutrition and following a vegetarian lifestyle is just one of them. In addition, sustainable eating behavior has more dimensions than just food consumption. Factors like, for example, cultivation and production of food or recycling and disposal of packaging also must be considered as well in terms of sustainability (see Geiger et al. (2018) for an integrative cube framework of sustainable consumption behavior). Second, regarding the implementation of the SSBC, it must be noted that the sample size of each stage was rather small (e.g., 11 in pre-decision stage, see Table 3). Thus, discriminatory validity is limited. Furthermore, stage affiliation was determined by one single-choice item and was therefore only based on self-report that could be biased by other factors such as social desirability. Another major methodological drawback of our study is the lack of significant results regarding the implicit affective attitudes in our investigation. The reason might be the choice of the implicit measurement method. We used an implicit affective priming paradigm as affective motives are seen as relevant factors in environmental psychology (Steg, 2005). Another established task could be the Implicit Association test (IAT) which focuses on cognitive aspects of attitudes (see Greenwald and Lai, 2020). However, priming procedures generally suffer from lower reliability (e.g., Cameron et al., 2012). Another limitation of our investigation might be the choice of picture material in the explicit and implicit measurement. As taste varies between people, it cannot be assured that individual preferences did not impact affective attitudes. Especially in the explicit rating, the participants had to indicate whether they “like” the displayed foods regardless of sustainability aspects. As mentioned above, the reasons for a vegetarian diet are various, and no clear inferences can be derived as to whether attitudes toward sustainability were measured. In addition, as we did not monitor whether the participants were hungry or satiated during the tests, a possible sensation of hunger or appetite could also have influenced the affective evaluation of the dishes. Other limiting factors underlie the structure of our sample. Demographic analyses of the three intervention groups revealed significant discrepancies regarding age and attended group sessions. Moreover, our sample included both vegetarian/vegan and omnivorous participants. Previous research indicated that there are attitude differences between vegetarians/vegans and omnivores in terms of a more positive attitude toward vegetarian products in vegetarians compared to omnivores and a more positive attitude toward meat in omnivores compared to vegetarians (e.g., Barnes-Holmes et al., 2010; Siebertz et al., 2022). Thus, it might be more crucial to improve the attitudes toward vegetarian foods especially of omnivorous people. Future studies might profit from rather omnivorous samples to determine the impact of mindfulness interventions on the attitudes toward vegetarian foods, as larger effects can be achieved in this population. Last, as our exploratory analysis revealed gender differences in the explicit affective attitudes toward both vegetarian and meat-based foods. This discrepancy is in line with previous research suggesting that nutritional attitudes and eating habits might vary with gender (e.g., Love and Sulikowski, 2018), implying that gender should be taken into account as a factor in future studies on intervention effects on attitudes toward foods.



4.5. Implications for research and practice

In our intervention study, there was an improvement in the explicit affective attitudes toward vegetarian foods for all three 12 weeks long curriculums—compassion and caring-based intervention with LKM, a rather attention-focused adapted MBSR course, and as an active control group PMR training—despite the group assignment. These findings highlight the value of implementing mindfulness and stress-reduction trainings as potential interventions to promote vegetarianism and, thus, a way of sustainable food consumption. Accordingly, more courses of this form should be made accessible to a broad public as possible. However, implementing the SSBC revealed social and personal norms as significant predictors of goal intention, thus aiming for a vegetarian diet. Future studies should focus more on social and personal norms and values as changes in individual inner dimensions are promising for sustainability and possibly in particular sustainable nutrition. Last, since our study showed no significant results for the implicit aspects of attitudes, researchers should consider different implicit measurements to validate their results and figure out the most appropriate method in the specific case.
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Habitual consumption of highly palatable foods when not in metabolic need (HPF eating) is linked to obesity. High HPF consumption is also linked to mental health disorder (MHD) symptoms. Mindfulness-based interventions are popular treatments for obesity and MHDs, but little is known about the relationship between trait mindfulness and motive-based HPF eating. Therefore, a total of 927 young adults completed a survey that included the Palatable Eating Motives Scale-7 (which identifies Coping-, Reward enhancement-, Social-, and Conformity-eating), the Mindful Attention Awareness Scale, the Perceived Stress Scale, and demographic and body mass index (BMI) questions. An MHD questionnaire allowed a comparison of HPF eating between participants with and without various MHDs. Regressions revealed that Coping-eating was independently associated with lower mindfulness and also greater perceived stress, higher BMI, and female sex. Of these variables, only lower mindfulness was independently associated with Reward-, Social-, and Conformity-eating. Coping- and Reward-eating were more frequent in participants with versus without an anxiety disorder, depression, ADD/ADHD, and PTSD. Coping-eating was also more frequent in participants with body dysmorphic disorder. These findings warrant investigations in participants with clinically validated diagnoses for DSM-specific MHDs. Results from such investigations and the uncovered nature of associations between motive-specific HPF eating and trait mindfulness could provide novel targets to improve mindfulness-based interventions for obesity and MHDs.
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1 Introduction

Habitual eating of highly palatable foods (HPFs) for non-metabolic reasons, i.e., when not in an energy deficit (referred to here as “HPF eating”) is a key contributor to obesity (Berthoud, 2011; Johnson and Wardle, 2014). These foods—typically in the form of fast food, desserts, dessert-like drinks, and junk food—tend to be highly processed, tasty, and energy-dense due to their high sugar and fat content (Fazzino et al., 2019), rendering them easy to overeat and obesogenic. A high consumption of HPFs, which characterizes the “Western diet,” (Johnson and Wardle, 2014; Fazzino et al., 2019) has also been implicated in the development of mental health disorder (MHD) symptoms. A higher intake of HPFs is associated with a depletion of phytochemicals, vitamins, and minerals, and with an excess of trans-fats, saturated fats, high glycemic-index carbohydrates, other sugars, and calories. These nutritional changes have been found to increase inflammation, oxidative stress, and mitochondrial and HPA axis dysfunction and to suppress neurotransmitter synthesis and metabolism, neurogenesis, and healthy gut microbiota and epigenetic changes (Bremner et al., 2020; López-Taboada et al., 2020; Marx et al., 2021). In turn, these biological changes can precipitate brain and endocrine alterations to impair behavior, emotion regulation, cognition, sleep, and other functions in a manner consistent with symptoms of MHDs (Bremner et al., 2020; López-Taboada et al., 2020; Marx et al., 2021; Abdulla et al., 2023). Higher rates of some of the aforementioned biological changes have been detected in clients with MHDs compared to healthy controls (Che et al., 2010; Bauer and Teixeira, 2019). HPF eating may also worsen MHDs by compounding symptoms with the stigma and health complications associated with obesity (Emmer et al., 2020; Weiss et al., 2020). The body of evidence linking HPFs to MHDs is compelling enough to have spurred “nutritional psychiatry” as a new and growing field (Lachance and Ramsey, 2015; López-Taboada et al., 2020).

HPF eating occurs for various reasons across individuals, including individuals with obesity. One’s primary motive behind HPF eating tends to be consistent and habitual (Boggiano et al., 2015a,b). The main motives behind HPF eating include coping (Coping-eating), enhancing reward (Reward-eating), being more social (Social-eating), and conforming (Conformity-eating) (Burgess et al., 2014; White et al., 2022). HPF eating, primarily but not exclusively for coping motives, is associated with a higher body mass index (BMI) and predicts increased BMI over time (Burgess et al., 2014; Boggiano et al., 2015a; Boggiano, 2016). It is also associated with binge eating (Boggiano et al., 2014; Burgess et al., 2014; Boggiano, 2016), emotional eating, restrained eating, overconcern with body weight and shape, and with greater stress reactivity (Boggiano et al., 2017), perceived stress (Abdulla et al., 2023), HPF craving (White et al., 2022), suggestibility (Ray et al., 2020), emotional dysregulation (Orihuela et al., 2017), self-criticism, and self-judgment (Mantzios and Egan, 2018). Inarguably, these conditions are incompatible with healthy body weight and positive mental health.

Little is known about HPF eating for different motives in MHDs. Based on the ability of HPF intake to momentarily suppress physiological stress responses and negative emotional states (Tomiyama et al., 2011; Wagner and Heatherton, 2015; Mason et al., 2021), Coping-eating may be more frequent in affective (e.g., depression and anxiety) and stress/trauma-related disorders such as post-traumatic stress disorder (PTSD). Based on the reward-seeking aspects of ADD, ADHD, and substance use disorders (Davis et al., 2015; Volkow et al., 2019), Reward-eating may be more characteristic of these disorders. Based on the stress-reducing effects of HPFs and the internalization of idealized appearance in body dysmorphic disorder (BDD) (Neziroglu et al., 2008), Coping- and Conformity-eating may be more common in this disorder.

Mindfulness refers to “the awareness that emerges through paying attention on purpose, in the present moment, and non-judgmentally” (Kabat-Zinn, 2003, p.145). Mindfulness-based interventions for obesity and MHDs have surged in popularity (Rogers et al., 2017; Warren et al., 2017; Xue et al., 2019; Tran et al., 2022). However, there is a dearth of knowledge regarding the relationship between dispositional mindfulness, HPF eating, and HPF eating motives.

Mindfulness-based interventions for the treatment of obesity have generally yielded positive outcomes, but weight loss remains a challenge (Rogers et al., 2017; Warren et al., 2017). There is evidence to suggest that reducing HPF eating could help reduce body weight. For example, a pilot weight loss intervention based on attending to hunger and satiety cues (mindfulness-like awareness) found that the amount of change in Coping-, Reward-, and Social-eating predicted the amount of weight lost post-intervention (White et al., 2022). In a mindfulness-based intervention utilizing smartphones, frequency of Coping- and Reward-eating decreased alongside weight loss (Mason et al., 2018). Conversely, in a mindfulness-based intervention that resulted in no weight loss, frequency of HPF eating did not change for any of the motives (Masih et al., 2020). In non-intervention studies, young adults with coping as their main motive for HPF eating gained significantly more body weight over 2 years (Boggiano et al., 2015a). In a different study, individuals with a higher BMI gained more weight over the COVID-19 pandemic if their intake of unhealthy food was tied to coping versus not tied to coping (Mason et al., 2021). In non-clinical studies involving mindfulness, less trait mindfulness was found to be associated with a greater BMI and fat mass (Loucks et al., 2016), with disinhibited eating (Jordan et al., 2014), and with a greater reported intake of saturated fat and sugar (Mantzios et al., 2018).

Identifying one’s primary motive behind HPF eating and the extent to which the motive is related to trait mindfulness could provide behavioral targets to enhance weight loss from mindfulness-based interventions. However, it is first necessary to determine whether trait mindfulness and HPF eating are related, and if so, for what motives. In a study similar to the present one, Coping-, Reward-, Social-, and Conformity-eating were found to be associated with lower scores on the awareness facet of a trait mindfulness scale; only Coping-eating was associated with other facets of the scale (Mantzios and Egan, 2018). The present study will build on those findings by determining whether the associations generalize to a larger population and one that includes more male, Black, and Hispanic adults. It will also determine whether the associations are accounted for by other factors such as BMI—which is positively related to HPF eating (Burgess et al., 2014; Boggiano et al., 2015a; Boggiano, 2016)—and by greater perceived stress—which is related to both lower trait mindfulness (Donald et al., 2016; La Torre et al., 2022) and more frequent Coping-eating (Abdulla et al., 2023). The larger sample also allows for the testing of differences in demographic factors as possible explanatory variables.

Mindfulness-based interventions have also garnered positive results in the treatment of MHDs. Nevertheless, given the influence that diets high in HPFs can exert on the mind and behavior (Che et al., 2010; Bauer and Teixeira, 2019; Bremner et al., 2020; López-Taboada et al., 2020; Marx et al., 2021; Abdulla et al., 2023), outcomes may be improved by concomitant targeting of a client’s primary motive behind HPF eating. However, it is first necessary to investigate whether HPF eating occurs with higher frequency in individuals with versus without MHDs. To our knowledge, this has not been investigated.

Therefore, the study aimed to examine associations between trait mindfulness and the frequency of HPF eating for the various motive types while controlling for possible influencing variables and then determining the extent to which trait mindfulness explained any significant effects. The second aim was to determine the frequency of HPF eating among participants with and without an MHD diagnosis. It was intended as a preliminary investigation as it used self-diagnosis of MHDs and assessed types of MHDs in broad categories.

For the first study aim, it was hypothesized that all the HPF eating motives would be negatively associated with trait mindfulness, but that perceived stress would also be independently associated with Coping- and Conformity-eating. For the second aim, it was hypothesized that Coping-eating would be more frequent in participants with depression, an anxiety disorder, and PTSD, that Reward-eating would be more frequent in participants with ADD/ADHD and substance use disorder, and that both Coping- and Conformity-eating would be more frequent in participants with BDD. Finally, trait mindfulness was hypothesized to be lower in those with an MHD (Tran et al., 2022) such that it would account for the more frequent HPF eating in at least some of the disorders assessed.



2 Materials and methods


2.1 Participants

Participants were college students at the University of Alabama at Birmingham (UAB) who took part in a confidential and anonymous cross-sectional survey study conducted online. The consent form focused on sensory experience questions (not included here) and “other psychological measures” such that participants were blinded to the researchers’ interest in eating behavior and mindfulness. A total of 1,040 students completed the survey. Data were tested for normality with histograms, skewness, and kurtosis (Kim, 2013). Participants were omitted if they were missing data on main variables, if they were aged <18 or > 30 years (to exclude minors and obtain a sample representing a young adult population), and if they had a BMI in the underweight range (<18.5, CDC.gov, 2022). The final sample was made up of N = 927 adults, 74.5% female, 24.9% male, and 0.5% intersex. The mean age was 19.7 (SD = 2.11, range = 18–30). The ethnic makeup of the sample was 50.2% White, 29.7% Black, 11.7% Asian/Pacific Islander, 7.7% Hispanic or Latino, and 0.9% Other (American Indian, Alaska Native, or unspecified). The mean BMI was 26.73 kg/m2 (SD = 6.90, range = 18.5–67.0). Participants with BMIs ≥40 had no outlying data on the variables of interest. Students of diverse majors completed the survey as one of several other options required in Introduction to Psychology classes or for extra credit in other psychology classes. This study was approved by the UAB Institutional Review Board for Human Use #IRB-300008579.



2.2 Measures


2.2.1 Palatable Eating Motive Scale-7

The 20-item Palatable Eating Motive Scale-7 (PEMS-7) assesses the frequency of HPF eating and drinking over the past year for four motives: Coping, Reward Enhancement, Social, and Conformity (White et al., 2022). The Coping motive measures the frequency of consuming HPFs to manage adverse emotions or situations, e.g., “I consume these foods/drinks to forget my worries”; the Reward motive refers to the pleasurable experience or sensations from the food itself, e.g., “I consume these foods/drinks because it gives me a pleasant feeling”; the Social motive refers to the increase in enjoyment with others, e.g., “I consume these foods/drinks because it helps me to enjoy a party”; and the Conformity motive refers to abiding by the pressures or demands from others, e.g., “I consume these foods/drinks because my friends or family want me to eat these foods/drinks.” The PEMS-7 (White et al., 2022) differs from the previous 19-item (Burgess et al., 2014) and 20-item PEMS (Boggiano, 2016) only in its 7- versus 5-point response scale (1 = Never to 7 = Always; higher scores indicate more frequent HPF eating for the motive) and in explicitly describing eating for “reasons other than hunger” in the instructions. The instructions provide examples of HPFs. Motive scores are the mean of the 5-item responses of the motive.



2.2.2 Mindful Attention Awareness Scale

The 15-item Mindful Attention Awareness Scale (MAAS) assesses the dispositional frequency of being attentive to and aware of one’s feelings and surroundings and of being focused on the present (Brown and Ryan, 2003). An example item is, “I tend to walk quickly to get where I’m going without paying attention to what I experienced along the way.” Responses are coded 1 = Almost Always to 6 = Almost Never, and the score is the mean of the item responses such that higher scores indicate more mindfulness. This scale also has good validity for discerning MHD from non-MHD traits (Brown and Ryan, 2003; Christopher and Gilbert, 2010).



2.2.3 Perceived Stress Scale

The 10-item Perceived Stress Scale (PSS) assesses dispositional frequency to appraise situations as stressful within a month (Cohen et al., 1983). Responses are coded 0 = Never to 4 = Very Often. An item example is, “Have you felt difficulties were piling up so high you could not overcome them?” The score is the sum of the 10-item responses such that higher scores indicate greater perceived stress.



2.2.4 Mental health disorders questionnaire

This was an original questionnaire that listed broad categories of MHDs common among young adults (de Girolamo et al., 2012). It was brief to avoid response fatigue and was intended to provide preliminary information as to the nature of HPF eating in individuals with versus without an MHD. The list included the following: attention-deficit/attention-deficit hyperactivity disorder (ADD/ADHD), autism spectrum disorder (ASD), anxiety disorder or specific phobia (referred to here as “anxiety disorder”), body dysmorphic disorder (BDD), depression, obsessive-compulsive disorder (OCD), post-traumatic stress disorder (PTSD), and substance use disorders (including alcohol, tobacco, and nicotine). The questionnaire asked, “Have you been medically diagnosed or suspect that you might have the following condition(s)?” Response choices were “no,” “suspect,” and “diagnosed.” Participants who selected “no” and “diagnosed” made up the No Diagnosis group and the Diagnosed group, respectively, for each MHD. Participants who selected “suspect” were not included in the analyses or results for the particular MHD. The “suspect” option was included to reduce the chance that those reporting “no” (no diagnosis) may have had symptoms but had not (or had not yet) sought treatment for a formal diagnosis. It was therefore expected that some in the No Diagnosis group may have had symptoms and that some in the Diagnosed group may not currently have had symptoms, i.e., the focus was on diagnosis status, not symptoms status.



2.2.5 Body mass index and demographics

Height and weight were self-reported for a BMI later calculated with the formula kg/m2. For analyses, BMI was used as a continuous variable but also as established categories for descriptive purposes in Table 1: healthy (BMI = 18.5–24.9), overweight (BMI = 25–29.9), and obesity (BMI ≥ 30) (CDC.gov, 2022). Age, assigned sex (0 = female, 1 = male, and 2 = intersex), and ethnicity were also obtained.



TABLE 1 Mean (SD) scores on the PEMS-7 motives, MAAS, and PSS for the entire sample and by demographic and BMI groups.
[image: Table summarizing group differences by sex, ethnicity, and BMI for Coping, Reward, Social, Conformity, MAAS, and PSS scores. Females and those with obesity show significantly higher Coping and Reward scores, and lower MAAS scores, compared to other groups. Statistical notations indicate significant differences.]




2.3 Procedures

Participants accessed the survey via an electronic link. The survey took approximately 20–30 min to complete and opened with a statement asking that they complete the survey in private and when they were not in a rush.



2.4 Statistical analyses

Pearson’s r determined correlations between PEMS-7 motives and MAAS scores; partial r controlled for BMI and PSS scores, separately. Linear regressions with MAAS, PSS, BMI, and demographics as independent variables and the HPF eating motives as dependent variables allowed a comparison of the strength of correlations between variables per motive and across motives. Separate ANOVAs with Bonferroni post-hoc tests determined differences between demographic and BMI groups on the measures. ANCOVAs assessed the effect of MHD status on HPF eating motives covarying separately for MAAS scores and BMI. Only differences with an alpha level <0.05 and a partial eta-squared ƞ2p ≥ 0.01 effect size were denoted as significant (ƞ2p cutoffs: 0.01 = small, 0.06 = medium, 0.14 = large) (Cohen, 1988). Data are reported as means and standard deviations (SD) except where noted. SPSS v. 28 was used to analyze the data.




3 Results


3.1 Sample scores on measures

Mean PEMS-7 motives, MAAS, and PSS scores are provided in Table 1. These are listed for the entire sample and by demographic and BMI categories. Overall, the frequency of Conformity-eating was numerically the least, and Social-eating was the most frequent motive behind HPF eating. Women had more frequent Coping-eating, lower trait mindfulness, and greater perceived stress than men. Ethnic groups did not differ on any of the measures. Finally, participants with a BMI in the obesity range had more frequent Coping- and Reward-eating than those in the overweight and healthy BMI range. BMI groups did not differ in the level of trait mindfulness or perceived stress. Age, not included in Table 1 because it is a continuous variable, was correlated with Reward-eating (r = 0.082, p < 0.05); older participants ate more frequently for this motive than younger ones. Age was uncorrelated with mindfulness and perceived stress levels.



3.2 Associations between HPF eating motives and trait mindfulness

As shown in Table 2, a greater frequency of HPF eating for all the PEMS-7 motives was associated with lower trait mindfulness. Associations were strongest for Coping-eating and weakest for Social-eating. Also evident in Table 2 is that the associations remained significant when controlling for differences in BMI and perceived stress. Of these two variables, greater perceived stress accounted for more of the negative association between HPF eating and trait mindfulness. The significant differences denoted in Table 1 suggested BMI, and assigned sex for Coping-eating, as possible explanatory factors for HPF eating. These variables together with perceived stress and mindfulness scores were tested as independent correlates of HPF eating in the regression analyses. As shown in Table 3, linear regressions revealed that a higher BMI, greater perceived stress, lower mindfulness, and female-assigned sex were independent explanatory variables for Coping-eating. Of these variables, only lower mindfulness was significant for Reward-, Social-, and Conformity-eating. Age and dummy-coded ethnicity were tested as independent variables but were not significant. The models accounted for a very small variance in motive-based HPF eating with R2 ranging from 0.05 to 0.20. However, the regressions were conducted not to find the best models of HPF eating but to assess the association of mindfulness and HPF eating unrelated to BMI and perceived stress. An inspection of the standardized betas (β) in Table 3 for Coping-eating indicated that perceived stress was more strongly associated with this type of HPF eating than lower mindfulness. A review of the unstandardized betas (B) indicated that Reward-eating was the type of HPF eating most strongly associated with lower mindfulness.



TABLE 2 Bivariate and partial correlations between PEMS-7 motives and MAAS scores controlling for BMI and PSS scores.
[image: Table showing correlations between PEMS-7 motives and MAAS, MAAS partial r controlling for BMI, and MAAS partial r controlling for PSS. All correlations are negative and statistically significant at p less than 0.001.]



TABLE 3 Linear regressions with measures (BMI, PSS scores, and MAAS scores) as explanatory independent variables (IVs) and HPF eating for each PEMS-7 motive as the dependent variable (DV).
[image: Statistical table presenting regression results for four dependent variables: Coping, Reward, Social, and Conformity, with independent variables BMI, PSS, MAAS, and either Sex or Age. For Coping, higher BMI, PSS, and Sex are significant positive predictors, while MAAS is a significant negative predictor. For Reward, MAAS and Age are significant, both with negative and positive associations, respectively. For Social, only MAAS shows a significant negative association. For Conformity, MAAS is a significant negative predictor. Results include coefficients B, SE, β, t, and p-values, with significance indicated. Abbreviations and statistical notation explanations are provided below the table.]



3.3 Effect of MHD status on HPF eating

As depicted in Figure 1, the frequency of HPF eating was overall higher in participants with versus without an MHD. The greater frequency of HPF eating in the Diagnosed group was most commonly Coping-eating, followed by Reward-eating, then Conformity-eating. As noted in Figure 1, Social-eating did not differ between the Diagnosed and No Diagnosis groups across MHDs. There was no difference in HPF eating between the Diagnosed and No Diagnosis groups for OCD or substance use disorder (not graphed). For ASD, the lower frequency of Social-eating in the Diagnosed versus No Diagnosis groups was <0.05 (p = 0.008) but ƞ2p was <0.01, so the difference was not denoted as significant. For OCD, Coping-eating was higher in the Diagnosed versus No Diagnosis groups (p = 0.011), but ƞ2p was also <0.01.

[image: Five grouped bar charts compare PENIS-7 Motive Mean Scores for Coping, Reward, Social, and Conformity motives among groups with and without diagnoses of ADD/ADHD, Anxiety, BDD, Depression, and PTSD. Each chart indicates statistically significant differences, with diagnosed groups consistently showing higher Coping and Reward motive scores compared to those without diagnoses. Error bars are included, and sample sizes (N) are labeled for each group.]

FIGURE 1
 Effect of reported mental health disorder status (No Diagnosis versus Diagnosed) on the frequency of HPF eating for each of the four PEMS-7 motives for ADD/ADHD, anxiety disorder, BDD, depression, and PTSD. Error bars are 95% CI; *p < 0.05, **p ≤ 0.01, ***p ≤ 0.001 versus corresponding “No” group. “M” over the asterisks indicates that the difference was no longer significant when mindfulness (MAAS scores) was covaried. η2p for ADD/ADHD: Coping = 0.016, Reward = 0.010; anxiety disorder: Coping = 0.076, Reward = 0.011; BDD: Coping = 0.014; depression: Coping = 0.090, Reward = 0.027; and PTSD: Coping = 0.012, Reward = 0.014.




3.4 Effect of MHD status on trait mindfulness

As shown in Table 4, levels of trait mindfulness were lower in the Diagnosed group than in its respective No Diagnosis group for most of the MHDs.



TABLE 4 Percentage of sample and mean MAAS scores of participants reporting an MHD (Diagnosed group) and not having the MHD (No Diagnosis group).
[image: Table comparing prevalence and MAAS mean scores for eight mental health disorders between No Diagnosis and Diagnosed groups, highlighting significant differences for depression, anxiety, PTSD, BDD, and OCD with corresponding p-values.]



3.5 Effect of covarying mindfulness and BMI on differences in HPF eating between MHD Diagnosed and No Diagnosis groups

Given the significant differences in mindfulness between diagnosis groups (Table 4), ANOVAs were re-conducted, this time covarying for MAAS scores. Variance in trait mindfulness levels accounted for the greater frequency of HPF eating between the Diagnosed and No Diagnosis groups for Coping-eating in ADD/ADHD and for Reward-eating in ADD/ADHD and anxiety disorder; that is, the Diagnosed and respective No Diagnosis groups no longer differed when covarying for mindfulness scores. This is denoted in Figure 1 with an “M” over the bar. Considering the higher incidence of obesity in MHDs (Simon et al., 2006; Taylor et al., 2012; Weiss et al., 2020), any possible confounding association between BMI and an MHD diagnosis was tested by covarying BMI. Doing so had no effect on the significant differences between the Diagnosis and No Diagnosis groups asterisked in Figure 1.




4 Discussion

This study investigated the relationship between motives for consuming tasty foods and drinks when not in metabolic need (HPF eating) and trait mindfulness in a large sample of college students. A preliminary test also investigated, in the same participants, the occurrence of motive-based HPF eating between participants with versus without an MHD.


4.1 Associations between mindfulness and HPF eating controlling for demographics, BMI, and perceived stress

As hypothesized, greater frequency of HPF eating for all the motives was associated with lower trait mindfulness. Not predicted was that women would have a lower mean level of trait mindfulness than men. This could in part explain the higher frequency of HPF eating in women versus men found here and in previous studies (Burgess et al., 2014; Boggiano, 2016; Boggiano et al., 2017). Considering the significant contributing role of HPF eating in obesity (Johnson and Wardle, 2014; Fazzino et al., 2019), the negative associations between all the motive types of HPF eating and trait mindfulness strengthen the rationale for mindfulness-based interventions to treat obesity (Johnson and Wardle, 2014; Fazzino et al., 2019). They also give confidence that the same associations found by Mantzios and Egan (2018) with a different mindfulness subscale are not likely to be explained by any differences in perceived stress, BMI, or demographics of the participants. The subscale in that study was the “Acting with Awareness” facet of the Five Facet Mindfulness Questionnaire—Short Form (FFMQ-SF) (Mantzios and Egan, 2018). This is the subscale most associated with components of mindfulness measured by the MAAS (Zhuang et al., 2017). In the present study, Coping-eating stood out from the other motive types of HPF eating in its independent association not only with lower mindfulness but with female sex, a greater BMI, and greater perceived stress. An association with these other variables, together with a β value that was larger for perceived stress than for mindfulness, suggests that more than mindfulness techniques may be needed to reduce this type of HPF eating to affect weight loss, especially in women.



4.2 HPF eating motives in participants with and without an MHD diagnosis

As hypothesized, HPF eating was more frequent in the Diagnosed versus No Diagnosis groups for the majority of MHDs examined. Here, HPF eating for coping also stood out from the other motives in that it characterized most of the higher frequency of HPF eating in the MHDs examined. Reward enhancement was also a common motive in the higher frequency of HPF eating. In sharp contrast, the frequency of HPF eating for social motives did not differ between the Diagnosed and No Diagnosis groups (or between BMI groups), strengthening the status of this motive as the least associated with health consequences (Burgess et al., 2014; Boggiano, 2016; Boggiano et al., 2017). Coping and reward motives differ conceptually from social and conformity motives in that they are driven by internal factors (one’s own feelings and sensations) versus external factors. This difference may help explain why Coping- and Reward-eating were most strongly associated with lower mindfulness. It may also provide a mechanistic clue for the greater frequency of Coping- and Reward-eating in participants with obesity and MHDs. An advantage of mindfulness skills is that they help regulate responses to both internal and external stimuli (Brown and Ryan, 2003).

Coping- but not Conformity-eating was more frequent in those with BDD. That this finding was observed with only N = 27 individuals with BDD is noteworthy and increases confidence that results will replicate when using clinically validated assessments of this disorder. Assessment with a greater number of individuals with BDD may find Conformity-eating to also be more frequent because, in this study, Conformity-eating was numerally but not significantly more frequent in the BDD Diagnosed group. For substance use disorder, the small number of participants with this diagnosis, N = 18, may have confounded the observation of a difference in HPF eating relative to participants without this disorder. An investigation of HPF eating in a greater number of individuals with substance use disorders and its subtypes is worth conducting and may help elucidate why some with the disorder develop obesity while others do not (Sansone and Sansone, 2013). For participants with ASD, it is noteworthy that there was a statistical trend for HPF eating to differ from the No Diagnosis group (p = 0.008; ƞ2
p
 < 0.01) despite only N = 13 in the Diagnosed group. Interestingly, the trend was for Social-eating to be lower, not higher; however, this trend is rational considering the social difficulties that characterize ASD. The unique lower frequency also increases confidence in the integrity of self-reporting on the MHD questionnaire. For OCD, clinical assessment versus self-report of this MHD is predicted to reveal more frequent Coping-eating compared to individuals without OCD. This is because the observed value of p for a difference was <0.05. However, we deemed the effect size to be too low to report as significant. If future studies find Coping-eating to be more frequent in clients with OCD, reducing it as part of the treatment protocol may help maintain success in breaking the obsessive-compulsive cycle given the similar repetitive and compulsive nature of HPF eating.



4.3 Limitations

Self-reported BMI and diagnosis of MHD were limitations of this study. Measured BMI and the use of clinically validated scales and/or testing of client populations will help validate the results; therefore, the MHD results should be regarded as preliminary. The MHD questionnaire was limited and did not include eating disorders. Specific classes of substance use disorders should also be examined. Self-report of HPF eating was also a limitation, but one tempered by the ecological and predictive validity of the PEMS-7 (Boggiano et al., 2015a,b; Sylvester et al., 2019; White et al., 2022). The results obtained in the college sample may not generalize to younger, older, or same-aged individuals experiencing poverty. Finally, more may be learned by using mindfulness scales with measures that include mindfulness constructs other than attentive awareness, such as the FFMQ-SF (Mantzios and Egan, 2018).



4.4 Strengths

The young adult sample assessed was large and had a wide BMI range and a mean BMI very similar to the national mean BMI of 27.5 for adults aged 18–25 (Ellison-Barnes et al., 2021). Though not measured, self-reported BMI tends to correlate highly with measured BMI and waist circumference (Okamoto et al., 2017). The sample was also ethnically diverse and, apart from just a higher percentage of Black people and Asian/PI people and just a lower percentage of Hispanic people, the ethnic makeup reflected that of the US population (Census.gov, 2022). Furthermore, to the best of our knowledge, this was the first study to examine relationships between mindfulness and HPF eating for various motives while controlling for potentially related factors and the first study to explore HPF eating motives in MHDs. Although diagnoses were self-reported, there is evidence of a high correlation between self-reported and clinically-diagnosed psychopathology (Sordo Vieira et al., 2022). In addition, the incidence of ADD/ADHD, anxiety disorder, depression, OCD, and PTSD parallels rates reported by the American College Health Association’s National College Health Assessment in Spring 2022 on N = 54,204 students (ACHA.org, 2022). The “yes/no” response method also parallels the method used by the ACHA. A strength over the dichotomous “yes/no” response method was the inclusion of a “suspect” response option to help decrease the chance that the No Diagnosis groups included participants who may have had symptoms but had not (yet) sought treatment. Finally, the results should spur studies aimed at uncovering key factors underlying the connection between HPF eating and mindfulness. Emotional dysregulation may be one factor. Mindfulness practices improve emotional regulation (Kabat-Zinn, 2003; Roemer et al., 2015) and, in adolescents, emotional dysregulation mediated the relationship between high BMI and Coping-eating (Orihuela et al., 2017). Disparities in emotional regulation may also explain why HPF eating was found to be more frequent in participants with versus without an MHD. It may also explain why mindfulness was most strongly associated with Coping- and Reward-eating motives which are motives driven by internal factors, e.g., emotions.




5 Conclusion

Increasing attentive awareness is a central goal of mindfulness training (Kabat-Zinn, 2003). Instruments such as the PEMS-7 can raise awareness of one’s primary motive to eat when not in caloric deficit by identifying the motive. Such instruments, together with the associations found between trait mindfulness and HPF eating motives, and the studies we hope will be inspired by the preliminary MHD findings, have the potential to improve mindfulness-based interventions for obesity and psychopathology.
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Introduction: Mindfulness has been associated with benefits on cognitive processes, including attention. However, the exact relationship between mindfulness, components of attention, and the role of reward context has not yet been fully elucidated, which is relevant, especially in the context of addiction. In the current study, we specifically evaluated the relationship between dispositional mindfulness and the balance between voluntary (top-down), and stimulus-driven (bottom-up) attention. In addition, we explored whether the relationship was mediated by asymmetry of frontal brain activity, an index of approach tendencies, and varies as a function of reward context.
Methods: In total, 95 participants (30 male, 65 female) with a mean age of 25.87 (SD = 7.38) participated. Resting-state electrophysiological activity was recorded using EEG, and participants were assessed on dispositional mindfulness, and performed the visuospatial cueing (VSC) task, which indexed voluntary- and stimulus-driven attention in a neutral and palatable food (reward) context. In the endogenous VSC task, a central cue signals the likely location of a subsequent target. The validity effect represents the benefit of valid cueing relative to the costs of invalid cueing in terms of response time.
Results and discussion: Dispositional mindfulness was associated with a reduced validity effect, plausibly reflecting a combination of reduced voluntary attention and increased stimulus-driven attention, irrespective of condition. The relationship between dispositional mindfulness and visuospatial attention could not be explained by asymmetry of frontal brain activity.

Keywords
 mindfulness; attentional bias; attention; reward; palatable food; EEG


1 Introduction

Mindfulness is commonly defined as the capacity, or ability of individuals to be conscious of and attend internal and external events in an open discerning way, without judging these experiences (Shapiro and Carlson, 2009). Mindfulness has been associated with improved cognitive performance, including inhibitory control and attention (Zoogman et al., 2015; Gallant, 2016; Klingbeil et al., 2017; Quaglia et al., 2019; Vekety et al., 2021). However, the moderating role of reward context is not yet fully understood, which is of importance to disorders of addiction. Specifically, addiction is in part characterized by attentional bias for reward-associated stimuli which contributes to associated maladaptive behavior (Robinson et al., 2016; Volkow et al., 2017). However, studies on the effects of mindfulness regarding attentional bias in a reward context are relatively mixed. Some studies suggest that attentional bias is reduced following mindfulness interventions (Garland et al., 2012; Alamout et al., 2020), and other studies suggest enhanced attentional bias for reward-associated stimuli (Delgado-Pastor et al., 2013; Sanger et al., 2018; Isbel et al., 2019; Logemann-Molnár et al., 2022). The aim of the current work was to address this apparent discrepancy in a controlled lab environment.

The neuroanatomical correlates of mindfulness and their association with executive functions are not yet fully understood, but studies suggest that the brain mechanism overlaps between dispositional mindfulness and mindfulness training-induced mindfulness (Bilevicius et al., 2017; Feruglio et al., 2021). Previous studies incorporating brain activity measures have shown that mindfulness is associated with suppressed activity within the Default Mode Network, which is inversely associated with activity in the Salience Network (Bilevicius et al., 2017; Feruglio et al., 2021). This may translate to mindfulness-associated enhanced susceptibility for salient stimuli and subsequent approach tendencies (Bilevicius et al., 2017; Feruglio et al., 2021). This effect is further supported by studies that show that mindfulness is associated with more left relative to right frontal brain activity, indexed by frontal alpha asymmetry using electroencephalography (EEG) (Keune et al., 2013; Moynihan et al., 2013), which has also been associated with enhanced approach tendencies (Kelley et al., 2017). However, it should be noted that other studies did not find such effect (Keune et al., 2011; Szumska et al., 2021), and the effect may be state dependent (Keune et al., 2013).

Based on the above, mindfulness may be associated with enhanced attentional bias for salient stimuli. Behavioral studies support this notion. Studies that implemented an oddball paradigm show mindfulness-associated attentional capture of deviant infrequent, but salient stimuli in the context of repetitive stimuli (Delgado-Pastor et al., 2013; Sanger et al., 2018; Isbel et al., 2019). 132425 However, studies on addiction that employed variants of a visual probe task and have focused on the association between mindfulness and attentional bias for reward related stimuli, may seem incongruent at first glance. Typically, in these studies, mindfulness reduced attentional bias for reward-associated stimuli (Garland et al., 2012; Alamout et al., 2020). One plausible explanation for this apparent discrepancy may be related to differences in the expectedness of the salient, reward-related stimulus. It should be noted that visuospatial attention consists of two main components, voluntary (top-down) attentional orienting, and stimulus-driven (bottom-up) reflexive attentional (re-)orienting (Corbetta and Shulman, 2002; Corbetta et al., 2008). Voluntary attention allows for the conscious focus of attention to potentially relevant stimuli in our environment, whereas stimulus-driven attentional (re-)orienting allows for attentional disengagement and subsequent shift towards unanticipated, yet relevant, salient stimuli (Corbetta and Shulman, 2002; Corbetta et al., 2008). It seems plausible that mindfulness exerts differential effects on these components. To elaborate, reward-associated stimuli in oddball paradigms are commonly infrequently presented and relatively unexpected. In such case, results seem to reflect that mindfulness is associated with enhanced stimulus-driven attentional capture of such stimuli. In contrast, reward-associated stimuli in visual probe paradigms are expected and frequently presented. In such studies, mindfulness is associated with reduced voluntary attention towards such stimuli.

One excellent paradigm to investigate and differentiate voluntary attention from stimulus-driven attention to unexpected relevant stimuli is the Posner paradigm, also called the visuospatial cueing task (Posner et al., 1980). In such task, a cue indicates the likely location of a subsequent target to which a response is required. In a minority of trials, the target is presented at a location opposite as indicated by the cue. Generally, individuals respond faster to targets that are validly cued, and thus presented in the attended visual hemifield as opposed to targets that are invalidly cued and presented in the unattended visual hemifield. The relevant index is the validity effect, which is operationalized as the difference in response time to validly relative to invalidly cued targets (Posner et al., 1980). The validity effect represents the benefit in terms of speeded response times due to valid cueing relative to response time costs in the context of invalid cueing. It can be argued that enhanced voluntary attention in response to valid cueing results in faster responses and an enhanced validity effect. In contrast, stronger stimulus-driven attention is associated with enhanced attentional disengagement and reorienting in the context of invalid cueing, and results in a reduction of the validity effect (Corbetta and Shulman, 2002; Corbetta et al., 2008). In the VSC task, reward context can be operationalized by target characteristics (Failing and Theeuwes, 2014; Tsegaye et al., 2022). Specifically, an intrinsic reward context can be operationalized by target stimuli representing palatable food, which is known to trigger reward circuity in the brain, similarly to monetary target stimuli (Yousuf et al., 2018). Indeed, it may be questioned whether this will also translate into observable effects in normal healthy samples. In that vein, it should be noted that a recent systematic review showed no consistent difference in attentional bias comparing overweight/obese individuals to healthy controls (Hagan et al., 2020). This is also supported by our previous online study that suggested enhanced attentional bias in a palatable food relative to a neutral context, irrespective of BMI (Tsegaye et al., 2020).

Integrating the results from the aforementioned studies, the following hypotheses were postulated. Firstly, it was hypothesized that mindfulness would be associated with a reduced validity effect, reflecting a combination of reduced voluntary attention and increased stimulus-driven attention. Secondly, it was expected that this effect would be higher in a reward context, operationalized by palatable food associated stimuli, relative to the neutral context. Lastly, we explored the relationship between mindfulness and frontal alpha asymmetry as a brain activity index of approach tendency.



2 Methods


2.1 Participants

The sample size was determined using G*power (Faul et al., 2007, 2009). Detecting the relevant within/between-subjects interactions of small to medium effect size (Cohen’s f = 0.15) with power and alpha set at 0.80, and 0.05 respectively, required a minimal total sample size of 75. To account for potential attrition, and exclusion of cases due to erroneous data, we recruited a higher number of participants. Participants were recruited via social media, and from the student population. Participants were offered either a modest monetary incentive or course credit. Specifically, in total 95 participants (30 male, 65 female) with a mean age of 25.87 (SD = 7.38) participated. Individuals under 18 years old, and those diagnosed with a neurological and/or psychological disorder could not participate. All participants were fully informed and provided their written informed consent prior to any procedures. The study was approved by the Research Ethics Committee of the of the Institute of Psychology, Eötvös Loránd University (ELTE), and was conducted in accordance with the Declaration of Helsinki and its later amendments.



2.2 Materials


2.2.1 Platform

Demographic questions, and the Mindful Attention Awareness Scale (MAAS) self-report scale were implemented in Psytoolkit (Stoet, 2010; Stoet, 2017). The visuospatial cueing task was implemented in Opensesame (Mathôt et al., 2012).



2.2.2 Mindful attention awareness scale

The MAAS self-report questionnaire consists of 15 items and yields a measure of dispositional mindfulness (Brown and Ryan, 2003). The outcome variable is computed as the average of the item scores. A high scale score is thought to represent a relative higher level of dispositional mindfulness. Reliability is good, with a Cronbach’s alpha for the scale exceeding 0.80 (Brown and Ryan, 2003; van Dam et al., 2011).



2.2.3 Visuospatial cueing task

The visuospatial cueing task (VSC) was an adaptation of the original conceptualization by Posner et al. (1980). Figure 1 shows a typical trial. In the VSC task, the diamond shaped cue signals the likely location of the subsequent target. The distance from participants’ eyes to the screen was approximately 65 cm. The cue could point to the left, to the right, or could be neutral (empty, not informative). Subsequent to the cue, the target was presented in the left or right visual hemifield. Participants were required to indicate via button press (“A,” or “L”) whether the target was long (100×200 pixels) or short (100×120 pixels). Total trial duration was 3,100 ms. Three types of trials were included. In a valid trial, the target is presented at the visual hemifield indicated by the cue. In a neutral trial, the cue is not informative with respect to the location of the target. Lastly, in an invalid trial, the target is presented at the opposite visual hemifield. The experiment included one practice block, and two experimental blocks per condition (neutral or food). The practice block included nine valid trials, three neutral trials, and two invalid trials. Each experimental block consisted of 160 trials, consisting of 32 invalid trials, 32 neutral trials, and 96 valid trials. The only difference between the conditions was the type of target. In the neutral condition, targets were gray bars. In the food context, the targets consisted of depictions either chips, chocolate-chip cookies, nuts or chocolate. The order of conditions and response-target assignment was randomized across participants to control for non-specific (e.g., training/fatigue) effects. The relevant outcome variables are the average response time to validly, neutral, and invalidly cued targets in the neutral and food context. The validity effect represents the benefit of cueing on response time, specifically the reduced response time to validly cued targets relative to invalidly cued targets.

[image: Diagram showing a visual experiment sequence: a central white dot on a black background for six hundred milliseconds, a diamond shape for four hundred milliseconds, the dot again for six hundred milliseconds, then the dot with a textured orange rectangle in the upper right for one hundred milliseconds, with a directional arrow indicating sequence.]

FIGURE 1
 Valid trial in the food condition.




2.2.4 EEG data acquisition and preprocessing

The Mind Media Nexus 32 amplifier was used together with a 10/20, 21-channel (Ag/AgCl electrodes) cap. Electrophysiological activity was recorded by using the Mind Media NeXus-32 amplifier in combination with a 21-channel cap with Ag/AgCl electrodes (Mind Media B.V., The Netherlands). Data acquisition was at 512 samples per second, using the common average. Eye movements were recorded at the outer canthi of both eyes (HEOG), and supra-and infraorbital to the eye (VEOG). FAA was computed as follows, in accordance with Smith et al. (2017): specifically, raw EDF+ format data was filtered with a high pass filter of 0.5 Hz, and 40 Hz low pass filter with a notch filter of 50 Hz. The first and last 10 s of EEG data were discarded to prevent potential artifacts. Data was segmented to two-second epochs and corrected for eye-movement artifacts using Independent Component Analysis (ICA). Subsequently, the epochs were whole segment baseline corrected and epochs that included remaining artifacts, defined as +/− 75 microvolt relative to baseline were rejected. Power Spectral Density (PSD) was computed using Fast Fourier Transform (FFT) with a 10% Hanning window. These epochs were averaged, and mean activity (power) in the alpha frequency band (8–13 Hz) was computed for the contralateral F3 and F4 channels. The rank ordered distribution of alpha power is generally skewed, and to meet assumptions of the parametric tests, we corrected for skew using natural log transform (Smith et al., 2017). Finally, the FAA outcome variable was calculated by subtracting log transformed alpha at F3 from F4.




2.3 Procedures

Upon arrival at the lab, participants signed the informed consent form, and were seated in a comfortable chair in a dimly lit and sound attenuated room. The EEG cap was placed, and conductance gel was applied between the electrodes and scalp. After the signal was checked, 5 min eyes open and 5 min eyes closed resting state EEG was recorded. Subsequently, participants filled out the questionnaires to assess the standard demographic variables and MAAS score. Afterwards, participants performed the VSC task and Stop Signal Task (associated data was not part of the current report but will be presented elsewhere). Participants were provided with short breaks between the blocks, and tasks.



2.4 Statistical analyses

Data processing was performed using R (R Core Team, 2018), and statistical analyses were performed with SPSS (IBM Corp, 2019). Repeated measures ANCOVAs were planned a priori, with MAAS score as between-subjects factor, and condition (levels: neutral/reward), and validity (levels: valid/neutral/invalid) as within-subjects factors. We performed two tests of correlation (Pearson r) to test the relationship between MAAS score and FAA, for the eyes-open and eyes-closed condition. Alpha was set at 0.05. In case the assumption of sphericity was violated, Greenhouse–Geisser correction was applied.




3 Results

For the main VSC task analyses, participants (N = 72) were included that completed the VSC task and were engaged with the task, indicated by performance above chance level during all conditions and trial-types (proportion correct >0.5). We should note that the main results of the selected sample did not differ in terms of significance from the explorative whole group analyses. The MAAS score ranged from 2.40 to 5.33 (M = 3.93, SD = 0.60). Dispositional mindfulness did not affect the relationship between reward context (neutral/food) and validity (valid/neutral/invalid) regarding response time, F(1.79,125.41) = 0.30, p = 0.715, ηp2 = 0.004. Hence, this does not support that the relationship between dispositional mindfulness and voluntary relative to stimulus-driven driven attention differs between the conditions. However, as evident in Figure 2, dispositional mindfulness significantly reduced voluntary attention relative to stimulus-driven attention irrespective of reward context, as indicated by a significant interaction between dispositional mindfulness and validity (valid/neutral/invalid) regarding response time, F(1.77,124.02) = 3.73, p = 0.032, ηp2 = 0.051. This was also confirmed by subsequent post-hoc analysis, which revealed a reduced response time difference between validly cued targets and invalidly cued targets as a function of dispositional mindfulness level, F(1,70) = 4.70, p = 0.034, ηp2 = 0.063. There was an overall effect of cuing on response time. Specifically, the main effect of validity (valid/neutral/invalid) regarding response time was significant, F(1.77,124.02) = 6.75, p = 0.002, ηp2 = 0.088. Post-hoc testing revealed that responses were significantly faster for validly cued targets relative to invalidly cued targets [F(1,70) = 8.51, p = 0.005, ηp2 = 0.108], underscoring the validity of the paradigm. There was no main effect of dispositional mindfulness regarding response time, F(1, 70) = 3.04, p = 0.086, ηp2 = 0.042. Lastly, There was no significant association between dispositional mindfulness and frontal alpha asymmetry in both the eyes closed and eyes open condition, respectively r(95) = 0.034, p = 0.741, and r(95) = −0.084, p = 0.417. The significance did not change after the exclusion of outliers (defined as exceeding 2 SD from the mean).

[image: Scatter plot comparing MAAS scores on the x-axis with response times in milliseconds on the y-axis, showing data points for valid, neutral, and invalid categories, each with corresponding linear regression trend lines indicating a general decrease in response time as MAAS scores increase.]

FIGURE 2
 Response time in ms as a function of validity and MAAS score, collapsed over condition.




4 Discussion

The current study focused on the relationship between dispositional mindfulness and voluntary and stimulus driven attention in contexts that differed in terms of intrinsic reward. The results partly confirmed our hypotheses. Specifically, dispositional mindfulness was associated with a reduction of the validity effect, plausibly reflecting a combination of reduced voluntary attention and enhanced stimulus-driven attention. In contrast to our hypotheses, this effect did not differ as a function of reward context. In addition, the observed relationship between dispositional mindfulness and visuospatial attention could not be explained by asymmetry of frontal brain activity.

Results of the current study suggest that mindfulness differentially impacts voluntary and stimulus-driven attention as indicated by the reduced validity effect. Interestingly, we did not find that reward context moderated the effect of dispositional mindfulness on the validity effect. It might be argued that such effect might be restricted to individuals affected by addiction and obesity (noting the considerable overlap of the latter with addiction in terms of behavioural challenges as well as the associated brain mechanism; Tsegaye et al., 2020). On the other hand, palatable food stimuli (intrinsically rewarding stimuli), have been shown to induce attentional bias in healthy participants, not only in obesity (Hagan et al., 2020). Either way, our sample consisted of healthy participants, and the paradigm included a narrow set of palatable food stimuli. Hence, we cannot fully exclude the possibility that effects might be different in addiction using a different set of stimuli associated with the drug of choice.

We also explored the potential relationship between dispositional mindfulness and asymmetry of frontal brain activity, indexed by FAA. If such relationship would be evident, FAA could be an interesting target for neuromodulatory approaches such as Transcranial Alternating Current Stimulation, Unilateral Muscle Contraction, or perhaps EEG-feedback, to potentially supplement mindfulness training (Kelley et al., 2017). However, results did not show evidence of such relationship. Though this could indicate that the relationship between dispositional mindfulness and visuospatial attention cannot be explained by asymmetry of frontal brain activity, appropriate nuance should be applied. It should be underscored that we did not perform a mindfulness intervention but assessed dispositional mindfulness and did not select individuals based on high vs. low mindfulness, which could be considered a limitation. As such, the range of dispositional mindfulness levels might have been too limited to detect an effect on FAA. On the other hand, it remains a possibility that the relationship between dispositional mindfulness and visuospatial attention is best explained by a different electrophysiological mechanism.

Some other limitations of the current study should also be noted. Based on previous studies that suggested a moderating role of reward context regarding the relationship between subject characteristics and executive control (Houben et al., 2014; Tsegaye et al., 2020), we included depictions of both savory and sweet snacks as target stimuli for the food context. However, we did not control for individual differences in food preference, which may result in enhanced variability and associated reduced statistical power to detect a potential moderating effect. Also, we must be careful with generalizing across other reward contexts. As argued before, effects may vary as a function of the exact operationalization of reward context.

Lastly, it may be argued that our implementation of the reward context does not only differ in terms of reward from the neutral context, but also in terms of stimulus complexity. It has been shown that higher stimulus complexity results in increased response times, due to enhanced processing that is required for such stimuli (Gajewski and Falkenstein, 2013). However, our data does not show a significant effect of reward context on mean response time (collapsed across trial-type), F(1,70) = 2.20, p = 0.143, ηp2 = 0.030.

In conclusion, together with previous observations, our results imply that mindfulness reduces voluntary goal-directed (top-down) attention while enhancing stimulus-driven (bottom-up) attention to salient unexpected stimuli in our environment.
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In the face of the increasingly serious background of overweight and obesity rates among adolescents in China, mindfulness, as an emerging therapeutic approach, has shown its unique effectiveness. This article reviewed the research progress of mindfulness in the intervention of adolescent obesity, summarized its effects on improving physiological and psychological indicators, and listed the different options for implementing mindfulness therapy. These studies supported the preliminary effectiveness of mindfulness in the intervention of adolescent obesity, providing a basis for mindfulness to become a new approach for obesity intervention in the future.
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1 Introduction

In recent years, as living standards have improved and dietary habits have shifted, the prevalence of overweight and obesity among children and adolescents in China has been increasing rapidly. According to the “Report on the Nutrition and Chronic Diseases Status of Chinese Residents (2020)” (1), the rate of overweight and obesity among children and adolescents aged 6 to 17 has reached 19.0%. Multiple factors contribute to adolescent obesity, with unreasonable diet and sedentary behavior being the main causes. Childhood overweight and obesity are associated with long-term chronic diseases (2). The prevention and control of obesity in children and adolescents has gradually become a serious public health issue. In addition to conventional intervention methods such as adjusting dietary structure, engaging in physical exercise, and providing health education, recent studies have discovered that mindfulness, as an emerging intervention method, can be applied to the intervention of adolescent obesity and achieve positive results (3). This article will review the research progress of applying mindfulness in the intervention of adolescent obesity.




2 Concept and methods of mindfulness

Mindfulness, stemming from Buddhist meditation, is widely regarded in the present era as the intention and non-judgmental focus on present moment awareness, typically achieved through meditation and yoga. Intention involves consciously making a decision to do something, while non-judgmental focus involves maintaining attention on a specific object, present moment awareness involves thoughts, feelings, emotions, behaviors, or environments that exist in the present moment, emphasizing the current experience rather than dwelling on the past. The concept of Mindfulness-Based Intervention was first introduced to American medical institutions in 1979 by Jon Kabat-Zinn, who pioneered an 8-week program called Mindfulness-Based Stress Reduction, which included formal meditation practices such as body scans, sitting meditation, and hatha yoga, as well as informal practices that integrate mindfulness into daily tasks, including walking, standing, and eating (4). Mindfulness-Based Stress Reduction was initially designed to assist patients in alleviating stress and managing pain. Through research, it has been discovered that this approach has broad applications in the treatment of anxiety, depression, insomnia, hypertension, eating disorders, cancer-related pain, and other conditions (5–9). As a result, various mindfulness-based therapies have emerged in recent years, such as Mindfulness-Based Cognitive Therapy, Dialectical Behavior Therapy and Mindfulness-Based Eating Awareness Training (MB-EAT). These therapies have been widely utilized in the treatment of various mental and physical health conditions (8, 10).

Mindfulness-Based Cognitive Therapy is based on Mindfulness-Based Stress Reduction and incorporates the concepts of cognitive behavioral therapy. It aims to improve low mood and negative thoughts through meditation practices, and is often used for preventing depressive disorder (11). There is evidence suggesting that Mindfulness-Based Cognitive Therapy can effectively relieve the symptoms of depression and anxiety, and lower the relapse rate in those who are more vulnerable to depression (12). Moreover, Mindfulness-Based Cognitive Therapy can function as an effective intervention measure for patients with somatic dysmorphic disorder, improving their symptoms, emotional regulation disorders, and executive function (13).

On the other hand, Dialectical Behavior Therapy, is also a mindfulness-based therapy. Dialectical Behavior Therapy was originally developed as an intervention measure for patients who meet the criteria for borderline personality disorder and is described as involving acceptance and change. It encourages clients to honestly accept themselves, their history, and their current situation, while striving to change their behavior and environment to build a better life. Dialectical Behavior Therapy includes a wide range of cognitive and behavioral therapy programs, most of which are aimed at changing thoughts, emotions, or behaviors (11). Standard Dialectical Behavior Therapy consists of four core components: individual therapy, group skills training, telephone counseling, and therapist counseling teams (14). In a randomized clinical trial, Dialectical Behavior Therapy demonstrated efficacy in reducing suicide attempts in high-risk populations of adolescents with bipolar disorder (15).

In addition, in adolescent obesity intervention, mindful eating is also an important method. The concept of mindful eating involves focusing on the food being consumed at the moment, recognizing hunger and fullness cues, consciously choosing food, slowing down the eating pace, utilizing all sensory experiences during eating, and paying attention to bodily signals. This practice enhances awareness and self-regulation of hunger, fullness, taste satisfaction, eating speed, and emotions (16). These skills play a crucial role in changing the relationship between individuals and food, which can enhance autonomous motivation and self-regulation ability, reduce cravings and desires for food, and are therefore used to treat eating disorders and assist with weight management (17). A well-established mindfulness eating therapy is called MB-EAT, which incorporates mindfulness meditation, mindful eating, emotional awareness, and self-acceptance. The goal of MB-EAT is to cultivate awareness of internal and external cues related to eating, break the cycle of binge eating, self-blame, and dysfunctional restraint, and restore the natural physiological processes of eating regulation. Moreover, this therapy emphasizes the nutritional value and enjoyment that food provides, thereby encouraging healthier food choices in terms of types and quantities to achieve weight control goals (18). An adolescent-adapted MB-EAT program developed by Barnes et al. (19) has confirmed the feasibility of implementing this approach among teenagers.




3 The role of mindfulness in adolescent obesity intervention

In recent years, mindfulness intervention has been gradually applied to adolescent obesity intervention, and there have indeed been some relevant studies conducted. Existing research suggests that many indicators can reflect the effectiveness of adolescent obesity intervention, and body mass index (BMI) and waist-hip ratio (WHR) are the most directly relevant indicators among term (20, 21). Physiological indicators such as blood pressure, heart rate, and serum cortisol levels can reflect the changes in the physical function of obese patients (22). In addition, dietary choices, exercise habits, impulsivity, eating disorders, and the psychological well-being of adolescents are all related to the onset of adolescent obesity (19, 23, 24). An improvement in these indicators indicates the positive intervention effects of mindfulness.



3.1 The role of mindfulness in reducing BMI and WHR

BMI is calculated by dividing weight (in kilograms) by the square of height (in meters). The waist-to-hip ratio is determined by dividing the waist circumference by the hip circumference. BMI primarily assesses overall obesity based on body density, while WHR focuses central obesity (21). BMI can be used as a direct indicator to evaluate the effectiveness of obesity intervention. Daly et al. (20) conducted a randomized controlled trial with 37 adolescent females aged 14 to 17, with a BMI above the 90th percentile. They found that compared to the control group, which received conventional diet and exercise, the mindfulness intervention group experienced an average BMI reduction of 1.1 kg/m2 after a 6-week intervention (p < 0.001), while the control group increased by 0.7 kg/m2. Stavrou et al. (25) also demonstrated in a randomized controlled trial with 49 overweight and obese adolescents aged 9 to 15, that the mindfulness intervention group had an average BMI reduction of 1.18 kg/m2 after an 8-week intervention (p < 0.001) compared to the control group. In a study by Bernstein et al. (26), the mindfulness intervention group demonstrated a decrease in BMI percentile at a 1.5-year follow-up, while the control group did not experience significant changes. However, studies by Kumar et al. (27) and Shomaker et al. (28) found that there was no significant difference in BMI change between the mindfulness intervention group and the health education control group at the end of the intervention period. Researchers speculated that this could be due to the short intervention time and small sample size.

Additionally, WHR is an important indicator for measuring central obesity and is commonly used in the evaluation of adolescent obesity. Emmanouil et al. (29) conducted a randomized controlled trial involving 36 obese adolescents aged 9 to 13. The results demonstrated that the mindfulness intervention group experienced a significant reduction in WHR (p=0.008) compared to the control group, while there was no significant difference in BMI reduction. This suggested that although mindfulness intervention did not result in significant weight loss in adolescents, the decrease in WHR indicated that the distribution of fat shifted towards a healthier direction, which might be more crucial than weight loss in the short term. Research has indicated that abdominal fat deposition in children and adolescents is associated with an increased risk of cardiovascular metabolic diseases, highlighting the significance of monitoring this aspect (21). Nevertheless, with the exception of a few studies, the majority of existing research predominantly concentrated on changes in BMI among adolescents, with limited exploration of WHR. This could potentially serve as a promising area for future research.




3.2 The role of mindfulness in improving physiological indicators related to obesity

Existing research has discovered that mindfulness intervention can notably decrease physiological indicators related to obesity, including blood pressure, heart rate, serum cortisol, C-reactive protein, triglycerides, tumor necrosis factor, serum ghrelin, fasting blood sugar, and insulin levels. Pascoe et al. (22) conducted a Meta-analysis of 45 randomized controlled trials, revealing that mindfulness intervention not only lowered blood pressure and heart rate in participants but also reduced cortisol, C-reactive protein, triglycerides, and tumor necrosis factor, indicating the positive impact of mindfulness intervention on physiological indicators. However, the study analyzed a population that encompassed both adults and adolescents, and not all participants were overweight or obese. López-Alarcón et al. (30) conducted a randomized controlled trial with 45 obese adolescents aged 10 to 14, finding that in contrast to the control group that received conventional nutritional guidance, the mindfulness group experienced a significant decrease in serum ghrelin (p = 0.026) and serum cortisol levels (p=0.015) after an 8-week intervention, along with a significant reduction in BMI. This suggested that mindfulness can indirectly affect BMI through appetite or eating behavior. Ghrelin is a hormone that stimulates appetite, typically secreted to regulate food intake when energy supply is insufficient, but it may also be related to promoting the consumption of pleasurable foods (31). Lowering its levels can help control unhealthy eating behaviors. Cortisol is a stress-related hormone, and mindfulness intervention can reduce cortisol levels by reducing stress and weakening the activity of the hypothalamic-pituitary-adrenal axis, thereby reducing the effects of cortisol in metabolic tissues (liver, muscle, fat tissue) and ultimately resulting in weight loss (32). Shomaker et al. (33) discovered through a randomized controlled trial that mindfulness intervention can lower fasting blood sugar and fasting insulin levels (p=0.02) in overweight/obese girls aged 12 to 17 who were at risk of developing type 2 diabetes. This suggested that mindfulness intervention can prevent the onset of type 2 diabetes in overweight and obese adolescents by reducing insulin resistance.




3.3 The role of mindfulness in improving dietary choices and exercise habits and reducing impulsivity

Research has demonstrated that mindfulness intervention has a significant impact on enhancing dietary choices and exercise habits. Barnes et al. (19) conducted a randomized controlled trial with 40 adolescents aged 15 to 17 and found that the mindfulness intervention group exhibited significant improvements in dietary habits during a 6-month follow-up period after the intervention. The intake of low-calorie foods, foods without saturated fat, and foods low in saturated fat increased notably (by 7.7 servings, 5.1 servings, and 4.6 servings, respectively). The frequency of aerobic exercise also increased (>30 minutes of moderate-intensity aerobic exercise by 0.8 days/week, >20 minutes of high-intensity aerobic exercise by 1.4 days/week). Salmoirago-Blotcher et al. (34) discovered in a randomized controlled trial involving 53 ninth-grade students that the mindfulness intervention group showed increased physical activity compared to the control group that received conventional health education. However, this alteration was primarily noted in male students and those who had a prior exercise routine. There were no significant differences in dietary behaviors between the two groups (35). Nonetheless, there is a paucity of studies in this area, and additional research is needed to validate these findings.

Previous studies have demonstrated that adolescents with elevated levels of impulsivity and impaired emotion regulation are at a heightened risk of emotional eating and binge eating (24). As adolescents progress into adulthood, emotional eating can increase the likelihood of obesity and metabolic disruptions (36). Impulsivity and emotion regulation are crucial determinants of eating disorders, and these can be modified through behavioral interventions (37). Cotter et al. (23) conducted an open-label trial with 11 obese adolescents ranging in age 12 to 17, and it was discovered that after a 6-week mindfulness intervention, the participants experienced a significant reduction in impulsivity levels (assessed by their reaction time when selecting Go/No-Go responses to various images prompted by a computer program). Shomaker et al. (28) conducted a randomized controlled trial involving 54 obese adolescents aged 12 to 17. The results showed that the mindfulness intervention group had lower food reward sensitivity and less stress-induced eating behaviors during a 6-month follow-up after the start of treatment. Food reward sensitivity was determined by participants’ choice between a tasty snack and cash reward after completing a hypothetical task, while stress-induced eating was quantified by energy intake in a laboratory meal following stress induction. These findings suggested that mindfulness can help individuals remain composed when confronted with negative emotions, thereby reducing impulsivity, enhancing emotion regulation abilities, and ultimately reducing the likelihood of obesity.




3.4 The role of mindfulness in improving mental health outcomes

Mindfulness can also enhance the mental health of overweight or obese adolescents, which may increase their acceptance of dietary intervention and thereby lead to more favorable outcomes in obesity management. Stavrou et al. (25) conducted a randomized controlled study and discovered that overweight/obese adolescents in the mindfulness group experienced significant reductions in depressive and anxiety symptoms after an 8-week intervention compared to the control group. This was indicated by a decrease in scores on the Children’s Depression Inventory (p=0.004) and the Screen for Child Anxiety Related Emotional Disorders(p=0.04). Similarly, López-Alarcón et al. (30) determined that adolescents in the mindfulness group experienced decreased anxiety symptoms and perceived stress after an 8-week intervention compared to the control group. This was demonstrated by a reduction in scores (p<0.001) on the Spencer Anxiety Scale, which assesses social phobia, panic disorder, agoraphobia, generalized anxiety disorder, obsessive-compulsive disorder, separation anxiety disorder, and fear of bodily harm. In this study, both groups received calorie-restricted dietary intervention, but only the control group exhibited an increase in anxiety scores, which may be related to the potential negative impact of stress during the weight loss process. Therefore, this study suggested that applying mindfulness programs as a means to alleviate adolescent anxiety in obesity intervention could help prevent the occurrence of weight loss failures caused by increased anxiety under the pressure of dietary restrictions.





4 Choosing mindfulness intervention methods

The significant effects of mindfulness in adolescent obesity intervention provide a foundation for its implementation. Currently, the ways to intervene in adolescents’ mindfulness mainly encompass outpatient mindfulness therapy, delivering mindfulness courses in schools, short-video courses based on mobile internet, and family mindfulness therapy (23, 34, 38). Each of these approaches has its own advantages and disadvantages, serving as references for learning and refinement.



4.1 Outpatient mindfulness therapy

Incorporating mindfulness therapy rooms within pediatric obesity intervention clinics in hospitals is one of the most direct and viable approaches to implement mindfulness-based interventions. Cotter et al. (23) recruited 11 obese adolescents, ranging in age from 12 to 17, from patients at a pediatric weight management clinic in the United States. Through individual meetings with clinic physicians, these adolescents participated in a 6-week mindfulness intervention course, each session lasting 60 minutes. The course encompassed evidence-based breathing techniques and mindfulness-based dietary awareness training materials, emphasizing mindful eating, improving emotional responses, and cultivating non-judgmental awareness. Participants were required to complete approximately 10 minutes of brief homework exercises per day. All participants gave the mindfulness intervention course a full score (average 5 points, 100%), and the overall attendance rate for the 6 sessions was 85%. Their feedback included “Mindfulness helps me control my food intake and portion sizes”, “Helps me differentiate between true hunger and stress eating”, “I would recommend mindfulness to others after learning it”, “Helps me manage weight and emotions”, showing the feasibility and acceptability of outpatient mindfulness therapy. However, only 3 of the 11 individuals, attended the in-person clinic sessions, while the remaining 8 chose remote intervention, highlighting the significant advantages of remote medical care in terms of flexibility in time and location, which is worth of learning from.




4.2 Implementing mindfulness courses at school

Most existing studies implemented mindfulness interventions in schools, establishing mindfulness-related courses directly within schools to observe the preventive and control effects of mindfulness on adolescent obesity. These studies typically targeted the entire grade of students in the school for intervention, rather than solely the group of obese adolescents. Barns et al. (19) and Salmoirago-Blotcher et al. (34) conducted studies in schools, randomly assigning some ninth-grade adolescents from Georgia and Massachusetts in the United States to mindfulness intervention and control groups. School health education teachers taught mindfulness courses to the students. The former study demonstrated significant enhancements in diet and exercise habits in the mindfulness intervention group after the intervention, while the latter study observed an increase in physical activities in the intervention group, both with high attendance rates and acceptability. Krebs et al. (39) study recruited adolescents aged 9-12 from a primary school in New York City. After school every weekday, this school provided extracurricular activities such as arts and sports classes, and students could choose to participate voluntarily. Thus, researchers integrated mindfulness courses during this time period, allowing students to select them as an extracurricular activity. Eventually, students who chose the course became the intervention group, while those who did not participate in any extracurricular activities served as the control group, with a high course attendance rate. In summary, establishing mindfulness courses in schools can help reduce the additional burden on adolescents beyond academics, offering better convenience and feasibility. However, it may have limited specificity for the obese population and can thus be used as part of health education for the prevention of adolescent obesity.




4.3 Short video courses based on mobile internet

Although screen time has been recognized as a risk factor for adolescent obesity (40), educational interventions for obese patients using online seminars and videos have demonstrated positive outcomes (41). Moreover, a study (42) discovered that diet counseling via videos was effective for weight loss during the COVID-19 pandemic. In addition, video sports games have been shown to assist in reducing the weight of overweight children (43). Due to the busy academic schedule of adolescents and difficulties in conducting offline courses, some studies have investigated the utilization of short-video courses based on mobile internet to enhance the feasibility and acceptability of mindfulness intervention. Turner et al. (38) developed and evaluated an independent mindfulness-based app, requiring 15 adolescents aged 14-18 to watch a guided mindfulness practice short video through the app daily for 6 weeks. The app received high ratings and daily usage rates after the intervention. Given the academic pressure on Chinese adolescents and the extensive use of smartphones, it can be assumed that this intervention method is more suitable for implementation in China. Zhang et al. (44) recruited 55 obese adolescents (BMI≥24kg/m2) aged 16-18 from three high schools in Beijing and Nanjing in China. Over a period of 3-week period, they received 10 short videos via WeChat on mindfulness and its practices, each ranging 3-10 minutes in duration, with unlimited access. After the intervention, participants submitted assessment reports in the fourth week. The participants experienced significant weight loss after the intervention, with a decrease in the frequency of unhealthy food consumption, emotional eating, external eating cues, and cravings for specific foods. Their mindfulness awareness in eating and self-efficacy in diet significantly improved. 84% of adolescents who adhered to the full mindfulness intervention program achieved significant results, indicating that providing short video mindfulness intervention for Chinese adolescents is feasible and effective.




4.4 Family mindfulness therapy

Adolescents are highly influenced by family dietary habits and lifestyles, prompting research on family-based mindfulness therapy that involves parents in the intervention. Kumar et al. (27) randomly assigned 22 obese adolescents aged 14-17 and their parents to a mindfulness intervention group and a standard dietary control group. The intervention group participated in four 90-minute mindfulness sessions over 10 weeks, with adolescents and their parents attending separate classes in different rooms simultaneously. Compared to the control group, adolescents in the intervention group demonstrated enhancements in diet-related mindfulness awareness (assessed using MEQ scores) and dietary self-efficacy (measured using WEL scores) at a 2-year follow-up (p=0.01). The attendance rate for all mindfulness intervention sessions was 100%, indicating that family-based mindfulness therapy for obese adolescents is feasible and highly accepted.





5 Limitations and future prospects

This article summarizes the impact of mindfulness on improving both physiological and psychological indicators of adolescent obesity, while also presenting various options for implementing mindfulness therapy. However, it acknowledges certain limitations. Firstly, most existing studies are single-center, small-sample investigations that employ different evaluation methods and indicators, leading to inconsistent conclusions. Therefore, there is a need for multi-center, large-sample studies to clarify the findings of each research effort. Secondly, much of the existing research has not examined the mechanisms through which mindfulness interventions impact adolescent obesity, indicating a need for further studies to clarify these specific mechanisms. Additionally, only a limited number of studies have been conducted in the Asian region, raising concerns about the applicability of these conclusions to Chinese and other Asian populations.

Cultural differences contribute to varying dietary habits, and exercise routines among people from different countries. In terms of dietary habits, Chinese individuals typically emphasize rice and a variety of vegetables, while consuming fewer high-calorie and high-fat foods (45). Regarding exercise, many Chinese people engage in leisure-time physical activity (46). Consequently, there is an urgent need for relevant research in China to explore mindfulness intervention methods tailored to the cultural background and characteristics of Chinese adolescents, ultimately providing more effective treatment strategies for obese children and those at risk of obesity.




6 Conclusions

Mindfulness, as an emerging therapeutic approach, has been recognized to play a unique role in adolescent obesity intervention in recent years. This article reviewed the research progress of mindfulness in adolescent obesity intervention, summarized the effects of mindfulness on reducing BMI and WHR, improving obesity-related physiological indicators, enhancing dietary choices and exercise habits, reducing impulsivity and improving eating disorders, as well as improving psychological health outcomes, and analyzed some of its mechanisms of action. In terms of the selection of mindfulness therapy forms, outpatient mindfulness therapy, school mindfulness courses, mobile internet short video courses, and family mindfulness therapy were all worthy of our reference and learning. These studies supported the preliminary effectiveness of mindfulness in adolescent obesity intervention. In the future, cross-cultural research could be conducted to clarify how cultural differences influence the effectiveness of mindfulness interventions for adolescent obesity. Additionally, investigating the differential effects of various mindfulness approaches—such as mindfulness for healthier eating versus mindful eating—may emerge as a promising avenue for research.





Author contributions

SS: Writing – review & editing, Writing – original draft. LL: Writing – original draft. YZ: Writing – review & editing. ZL: Writing – review & editing, Conceptualization. XZ: Writing – review & editing, Supervision.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Beijing Clinical Key Specialist Project of Beijing Municipal Health Commission (2018) (No. 2199000726), National Natural Science Foundation of China (82373694), Beijing Office for Education Sciences Planning (BECA23111), China International Medical Foundation (Z-2019-41-2303).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References
	1. National Health Commission of the People's Republic of China. Nutrition and Chronic Diseases Status of Chinese Residents. Beijing: People's Medical Publishing House (2020).
	2. Zhang, X, Liu, J, Ni, Y, Yi, C, Fang, Y, Ning, Q, et al. Global prevalence of overweight and obesity in children and adolescents: A systematic review and meta-analysis. JAMA Pediatr. (2024) 178(8):800–13. doi: 10.1001/jamapediatrics.2024.1576
	3. Bektas, İ, and Gürkan, KP. Investigation of the relationships between mindfulness, emotional eating, weight control self-efficacy, and obesity in adolescents. J Pediatr Nurs. (2023) 73:e381–7. doi: 10.1016/j.pedn.2023.10.004
	4. Kabat-Zinn, J. An outpatient program in behavioral medicine for chronic pain patients based on the practice of mindfulness meditation: theoretical considerations and preliminary results. Gen Hosp Psychiatry. (1982) 4:33–47. doi: 10.1016/0163-8343(82)90026-3
	5. Babak, A, Motamedi, N, Mousavi, SZ, and Ghasemi Darestani, N. Effects of mindfulness-based stress reduction on blood pressure, mental health, and quality of life in hypertensive adult women: A randomized clinical trial study. J Tehran Heart Cent. (2022) 17:127–33. doi: 10.18502/jthc.v17i3.10845
	6. Chen, Q, Liu, H, and Du, S. Effect of mindfulness-based interventions on people with prehypertension or hypertension: a systematic review and meta-analysis of randomized controlled trials. BMC Cardiovasc Disord. (2024) 24:104. doi: 10.1186/s12872-024-03746-w
	7. Liu, Q, Wang, C, Wang, Y, Xu, W, Zhan, C, Wu, J, et al. Mindfulness-based stress reduction with acupressure for sleep quality in breast cancer patients with insomnia undergoing chemotherapy: A randomized controlled trial. Eur J Oncol Nurs. (2022) 61:102219. doi: 10.1016/j.ejon.2022.102219
	8. Radin, RM, Epel, ES, Daubenmier, J, Moran, P, Schleicher, S, Kristeller, J, et al. Do stress eating or compulsive eating influence metabolic health in a mindfulness-based weight loss intervention? Health Psychol. (2020) 39:147–58. doi: 10.1037/hea0000807
	9. Hatchard, T, Penta, S, Mioduzsewski, O, Correia, S, Tissera, T, Brown, O, et al. Increased gray matter following mindfulness-based stress reduction in breast cancer survivors with chronic neuropathic pain: preliminary evidence using voxel-based morphometry. Acta Neurol Belg. (2022) 122:735–43. doi: 10.1007/s13760-022-01877-5
	10. Baer, RA. Mindfulness training as a clinical intervention: A conceptual and empirical review. Clin Psychology: Sci Pract. (2003) 10:125–43. doi: 10.1093/clipsy.bpg015
	11. Chiesa, A, and Malinowski, P. Mindfulness-based approaches: are they all the same? J Clin Psychol. (2011) 67:404–24. doi: 10.1002/jclp.20776
	12. Liu, W, Yuan, J, Wu, Y, Xu, L, Wang, X, Meng, J, et al. A randomized controlled trial of mindfulness-based cognitive therapy for major depressive disorder in undergraduate students: Dose- response effect, inflammatory markers and BDNF. Psychiatry Res. (2024) 331:115671. doi: 10.1016/j.psychres.2023.115671
	13. Gu, YQ, and Zhu, Y. A randomized controlled trial of mindfulness-based cognitive therapy for body dysmorphic disorder: Impact on core symptoms, emotion dysregulation, and executive functioning. J Behav Ther Exp Psychiatry. (2023) 81:101869. doi: 10.1016/j.jbtep.2023.101869
	14. Hood, P, Turner, CJ, Beggs, B, Owens, L, and Chapman, AL. Making Lemonade out of Lemons: Dialectical Behavior Therapy via Telehealth During a Pandemic. Behav Ther. (2023) 54:876–91. doi: 10.1016/j.beth.2023.03.007
	15. Goldstein, TR, Merranko, J, Rode, N, Sylvester, R, Hotkowski, N, Fersch-Podrat, R, et al. Dialectical behavior therapy for adolescents with bipolar disorder: A randomized clinical trial. JAMA Psychiatry. (2024) 81:15–24. doi: 10.1001/jamapsychiatry.2023.3399
	16. Nelson, JB. Mindful eating: the art of presence while you eat. Diabetes Spectr. (2017) 30:171–4. doi: 10.2337/ds17-0015
	17. Tapper, K. Mindful eating: what we know so far. Nutr Bull. (2022) 47:168–85. doi: 10.1111/nbu.12559
	18. Kristeller, JL, and Wolever, RQ. Mindfulness-based eating awareness training for treating binge eating disorder: the conceptual foundation. Eat Disord. (2011) 19:49–61. doi: 10.1080/10640266.2011.533605
	19. Barnes, VA, and Kristeller, JL. Impact of mindfulness-based eating awareness on diet and exercise habits in adolescents. Int J Complement Altern Med. (2016) 3(2):70. doi: 10.15406/ijcam.2016.03.00070
	20. Daly, P, Pace, T, Berg, J, Menon, U, and Szalacha, LA. A mindful eating intervention: A theory-guided randomized anti-obesity feasibility study with adolescent Latino females. Complement Ther Med. (2016) 28:22–8. doi: 10.1016/j.ctim.2016.07.006
	21. Kelishadi, R, Mirmoghtadaee, P, Najafi, H, and Keikha, M. Systematic review on the association of abdominal obesity in children and adolescents with cardio-metabolic risk factors. J Res Med Sci. (2015) 20:294–307. doi: 10.4103/1735-1995.156179
	22. Pascoe, MC, Thompson, DR, Jenkins, ZM, and Ski, CF. Mindfulness mediates the physiological markers of stress: Systematic review and meta-analysis. J Psychiatr Res. (2017) 95:156–78. doi: 10.1016/j.jpsychires.2017.08.004
	23. Cotter, EW, Hornack, SE, Fotang, JP, Pettit, E, and Mirza, NM. A pilot open-label feasibility trial examining an adjunctive mindfulness intervention for adolescents with obesity. Pilot Feasibility Stud. (2020) 6:79. doi: 10.1186/s40814-020-00621-1
	24.Waxman SE. A systematic review of impulsivity in eating disorders. Eur Eat Disord Rev. (2009) 17:408–25. doi: 10.1002/erv.952
	25. Stavrou, S, Nicolaides, NC, Papageorgiou, I, Papadopoulou, P, Terzioglou, E, Chrousos, GP, et al. The effectiveness of a stress-management intervention program in the management of overweight and obesity in childhood and adolescence. J Mol Biochem. (2016) 5:63–70.
	26. Bernstein, R, Sanchez, N, Clark, ELM, Conte, I, Gulley, LD, Legget, KT, et al. Mindfulness-based intervention in adolescents at risk for excess weight gain: 1.5-year follow-up of pilot randomized controlled trial. Eat Behav. (2021) 43:101580. doi: 10.1016/j.eatbeh.2021.101580
	27. Kumar, S, Croghan, IT, Biggs, BK, Croghan, K, Prissel, R, Fuehrer, D, et al. Family-based mindful eating intervention in adolescents with obesity: A pilot randomized clinical trial. Children (Basel). (2018) 5(7):93. doi: 10.3390/children5070093
	28. Shomaker, LB, Berman, Z, Burke, M, Annameier, SK, Pivarunas, B, Sanchez, N, et al. Mindfulness-based group intervention in adolescents at-risk for excess weight gain: A randomized controlled pilot study. Appetite. (2019) 140:213–22. doi: 10.1016/j.appet.2019.05.022
	29. Emmanouil, CC, Pervanidou, P, Charmandari, E, Darviri, C, and Chrousos, GP. The effectiveness of a health promotion and stress-management intervention program in a sample of obese children and adolescents. Hormones (Athens). (2018) 17:405–13. doi: 10.1007/s42000-018-0052-2
	30. López-Alarcón, M, Zurita-Cruz, JN, Torres-Rodríguez, A, Bedia-Mejía, K, Pérez-Güemez, M, Jaramillo-Villanueva, L, et al. Mindfulness affects stress, ghrelin, and BMI of obese children: a clinical trial. Endocr Connect. (2020) 9:163–72. doi: 10.1530/ec-19-0461
	31. Buss, J, Havel, PJ, Epel, E, Lin, J, Blackburn, E, and Daubenmier, J. Associations of ghrelin with eating behaviors, stress, metabolic factors, and telomere length among overweight and obese women: preliminary evidence of attenuated ghrelin effects in obesity? Appetite. (2014) 76:84–94. doi: 10.1016/j.appet.2014.01.011
	32. Nicolaides, NC, Kyratzi, E, Lamprokostopoulou, A, Chrousos, GP, and Charmandari, E. Stress, the stress system and the role of glucocorticoids. Neuroimmunomodulation. (2015) 22:6–19. doi: 10.1159/000362736
	33. Shomaker, LB, Bruggink, S, Pivarunas, B, Skoranski, A, Foss, J, Chaffin, E, et al. Pilot randomized controlled trial of a mindfulness-based group intervention in adolescent girls at risk for type 2 diabetes with depressive symptoms. Complement Ther Med. (2017) 32:66–74. doi: 10.1016/j.ctim.2017.04.003
	34. Salmoirago-Blotcher, E, Druker, S, Meyer, F, Bock, B, Crawford, S, and Pbert, L. Design and methods for "Commit to Get Fit" - a pilot study of a school-based mindfulness intervention to promote healthy diet and physical activity among adolescents. Contemp Clin Trials. (2015) 41:248–58. doi: 10.1016/j.cct.2015.02.004
	35. Salmoirago-Blotcher, E, Druker, S, Frisard, C, Dunsiger, SI, Crawford, S, Meleo-Meyer, F, et al. Integrating mindfulness training in school health education to promote healthy behaviors in adolescents: Feasibility and preliminary effects on exercise and dietary habits. Prev Med Rep. (2018) 9:92–5. doi: 10.1016/j.pmedr.2018.01.009
	36. Shriver, LH, Dollar, JM, Lawless, M, Calkins, SD, Keane, SP, Shanahan, L, et al. Longitudinal associations between emotion regulation and adiposity in late adolescence: indirect effects through eating behaviors. Nutrients. (2019) 11(3):517. doi: 10.3390/nu11030517
	37. Peckham, AD, and Johnson, SL. Cognitive control training for emotion-related impulsivity. Behav Res Ther. (2018) 105:17–26. doi: 10.1016/j.brat.2018.03.009
	38. Turner, T, and Hingle, M. Evaluation of a mindfulness-based mobile app aimed at promoting awareness of weight-related behaviors in adolescents: A pilot study. JMIR Res Protoc. (2017) 6:e67. doi: 10.2196/resprot.6695
	39. Krebs, S, Moak, E, Muhammadi, S, Forbes, D, Yeh, MC, and Leung, MM. Testing the feasibility and potential impact of a mindfulness-based pilot program in urban school youth. Int J Environ Res Public Health. (2022) 19(6):3464. doi: 10.3390/ijerph19063464
	40. Must, A, Eliasziw, M, Stanish, H, Curtin, C, Bandini, LG, and Bowling, A. Passive and social screen time in children with autism and in association with obesity. Front Pediatr. (2023) 11:1198033. doi: 10.3389/fped.2023.1198033
	41. Nagpal, TS, Pearce, N, Sockalingam, S, Hawa, R, Dhaliwal, KK, Lee-Baggley, D, et al. A scoping review of obesity education interventions for current and prospective medical professionals in Canada. Obes Pillars. (2023) 8:100085. doi: 10.1016/j.obpill.2023.100085
	42. Yücel, Ü, and Yücel, M. The effect of phone and video counselling given to participants living with obesity on weight loss and quality of life during the COVID-19 pandemic: a randomised controlled trial. J Hum Nutr Diet. (2023) 36:1417–24. doi: 10.1111/jhn.13126
	43. Bourke, M, Patterson, L, Di Nardo, F, Whittaker, P, and Verma, A. Active video games and weight management in overweight children and adolescents-systematic review and meta-analysis. J Public Health (Oxf). (2023) 45:935–46. doi: 10.1093/pubmed/fdad115
	44. Zhang, Q, O'Connor, DB, and Hugh-Jones, S. Feasibility of a multiple-component mindfulness intervention for Chinese adolescents living with overweight: A pilot randomized trial. Appl Psychol Health Well Being. (2023) 15:516–35. doi: 10.1111/aphw.12393
	45. Badanta, B, de Diego-Cordero, R, Tarriño-Concejero, L, Vega-Escaño, J, González-Cano-Caballero, M, García-Carpintero-Muñoz, M, et al. Food patterns among chinese immigrants living in the South of Spain. Nutrients. (2021) 13(3):766. doi: 10.3390/nu13030766
	46. Park, SH, Lee, YQ, Müller-Riemenschneider, F, Dickens, BSL, and van Dam, RM. Acculturation as a determinant of obesity and related lifestyle behaviors in a multi-ethnic Asian population. Nutrients. (2023) 15(16):3619. doi: 10.3390/nu15163619




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Shao, Li, Zhang, Liu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	
	ORIGINAL RESEARCH
published: 10 October 2024
doi: 10.3389/fpsyg.2024.1480812






[image: image2]

Increased self-regulation of eating behavior is associated with reduced generalized anxiety disorder in Saudi Arabia

Mai Adil Ghabashi*

Department of Clinical Nutrition, Faculty of Applied Medical Sciences, Umm Al-Qura University, Makkah, Saudi Arabia

Edited by
Anna Lucia Ogliari, Vita-Salute San Raffaele University, Italy

Reviewed by
Onat Yilmaz, Taksim Education and Research Hospital, Türkiye
 Edoardo Mocini, Sapienza University of Rome, Italy

*Correspondence
 Mai Adil Ghabashi, maghabashi@uqu.edu.sa

Received 14 August 2024
 Accepted 26 September 2024
 Published 10 October 2024

Citation
 Ghabashi MA (2024) Increased self-regulation of eating behavior is associated with reduced generalized anxiety disorder in Saudi Arabia. Front. Psychol. 15:1480812. doi: 10.3389/fpsyg.2024.1480812






Introduction: There is a growing body of evidence suggesting that self-regulation of eating behavior (SREB) is closely linked to dietary habits and mental health. However, little is known about these relationships within the Saudi Arabian population. This study aimed to address this gap.
Methods: A digital cross-sectional study was conducted utilizing the SREB and generalized anxiety disorder (GAD-7) questionnaires, along with a brief survey about dietary habits. Linear and logistic regression analyses were employed to examine these associations, with a total of 651 Saudi participants enrolled in the study.
Results: The results showed that only 15.5% of participants demonstrated a high capacity for SREB, while 65% experienced moderate or severe symptoms of GAD. Greater SREB was significantly associated with reduced GAD scores (β = −0.13, 95% CI; −0.12 to −0.03; p < 0.001) and lower BMI (β = −0.10, 95% CI; 0.08 to −0.00; p = 0.01). Additionally, predictive factors for high capacity for SREB included higher daily intake of fruits (OR = 2.90, 95% CI; 1.44 to 5.84; p = 0.003) and regular breakfast consumption (OR = 1.64, 95% CI; 1.01 to 2.63; p = 0.04).
Discussion: These findings suggest that enhancing SREB may be a promising strategy for obesity prevention and improving mental health outcomes among the Saudi population. Implementing interventions aimed at promoting healthier dietary habits could support the physical and mental well-being of this population.
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1 Introduction

Self-regulation of eating behavior (SREB) refers to an individual's ability to control and manage their food intake and eating patterns (Johnson et al., 2012; Kliemann et al., 2016). SREB involves cognitive, emotional, and behavioral processes that allow people to initiate, maintain, and modify their eating behaviors according to their personal goals and values (Godet et al., 2022). SREB is particularly important in the Kingdom of Saudi Arabia (KSA), where obesity has reached epidemic levels. According to the latest national report published in 2023, approximately 40% of Saudi adults were with overweight, and an additional 24% were with obesity (General Authority for Statistics, 2024). This places considerable demands on the economic system, with the cost of medical care reaching $19 billion per year (Okunogbe et al., 2021). The increasing rates of overweight and obesity in the KSA is likely attributed to the concurrent occurrence of the nutrition transition, coinciding with the advent of oil discovery since the 1960s (Popkin, 2002). This transition involves the processes of urbanization, the adoption of sedentary lifestyles, and alterations in dietary habits (Musaiger et al., 2012). It is suggested that improved SREB may help in addressing the obesity epidemic (Chew et al., 2022). This is likely attributed to the fact that the high capacity for SREB is linked to appetite control. Enhancing SREB can help individuals better recognize and respond to internal hunger and satiety cues, leading to the prevention of calorie overconsumption.

In addition, it is well documented in the literature that less healthy dietary habits are associated with several chronic diseases such as diabetes and hypertension (Tejani et al., 2023; Shimbo, 2016). Unfortunately, type 2 diabetes is prevalent among 17.7% of the Saudi population (International Diabetes Federation, 2024) while 9% are affected by hypertension (Lee Batisky et al., 2023). Conversely, healthy dietary habits could help in prevention and management of chronic disease (Jayedi et al., 2020). For instance, a high consumption of fruits and vegetables has been shown to have a beneficial impact on glycemic control and blood pressure regulation in patients with diabetes and hypertension (Chandalia et al., 2000; Tejani et al., 2023). This is likely attributable to the fiber, micronutrient, and antioxidant content of these plant-based foods. Unfortunately, fruits and vegetables consumption found to be insufficient among 94% of the Saudi population (Ministry of Health, 2019). Within this context, improved SREB may play a role in improving dietary habits and thereby reducing the burden of chronic disease in the KSA. That is, previous research found that high SREB was associated with better dietary habits including the higher consumption of fruits and vegetables (Stadler et al., 2010).

Moreover, the Saudi National Mental Health Survey indicated that mental disorders are prevalent in Saudi Arabia, with an overall prevalence rate of 20.2%. Of these mental health conditions, anxiety was found to be the most common, affecting 12.3% of the population (Altwaijri et al., 2020). Interestingly, there is emerging evidence that healthy dietary habits could be associated with better mental health. For instance, a systematic review that included 61 studies reported a favorable correlation between the consumption of vegetables and fruits with psychological wellbeing. That is, the higher consumption of vegetables and fruits, especially, was linked with a heightened levels of optimism as well as a reduction in psychological distress (Głabska et al., 2020). Conversely, less healthy dietary habits could be associated with adverse impacts on psychological wellbeing. For example, a systematic review and meta-analysis that involved 14 studies found that skipping breakfast was associated with psychological distress and depression (Zahedi et al., 2022).

While some relationships have begun to emerge, as previously indicated, numerous aspects of this field remain under-researched due to limited research. Therefore, there is a need to gain a deeper understanding of how self-regulation in eating habits, dietary choices, and mental health are interconnected. This area presents a promising domain for empirical investigations that could yield valuable insights into the complex relationships among these factors. The findings of such investigations could then inform the development of more comprehensive approaches to promoting both Psychological and physiological wellbeing wellness.

Unfortunately, there is a scarcity of studies delving into the self-regulation of eating behavior in the KSA. Merely one study has been undertaken in this field, indicating that only 17.7% of the Saudi population exhibits a high degree of self-regulation in their eating behaviors. Additionally, it was reported that SREB was correlated with chronotype. Specifically, it was found that individuals who are morning-oriented tend to exhibit a higher level of SREB compared to their evening-oriented counterparts (Al-Hazmi and Noorwali, 2023). Nevertheless, the associations between SREB and other variables including mental health aspects and dietary habits have not yet been investigated among the Saudi Arabian community. Therefore, this study aims to address this gap in the literature by exploring such associations. In particular, the primary aim of the present study is to examine the factors associated with a high capacity for self-regulation of eating behavior. This is crucial for understanding the factors associated with self-regulation of eating behavior among the Saudi population which can provide valuable insights into the development of targeted strategies. This would help informing interventions that aim to promote healthy eating practices and overall wellbeing in the KSA.



2 Materials and methods


2.1 Study design

A cross-sectional investigation was carried out utilizing an anonymous online questionnaire administered through Google Forms. The questionnaire was disseminated employing the snowball sampling technique, leveraging social media platforms for distribution purposes. Before engaging in the survey, participants were explicitly informed, via the digital interface, of the voluntary nature of their participation and the assurance of anonymity, with no collection of personally identifiable information. Participants were guaranteed that all data handling and analysis would be treated with strict confidentiality. Only those individuals who provided informed consent proceeded to the main sections of the questionnaire. This approach allowed for the recruitment of a diverse sample while protecting the privacy and anonymity of all participants throughout the data collection process.



2.2 Inclusion and exclusion criteria


2.2.1 Inclusion criteria

Adults aged 18 years and above.

Saudi Arabian nationality.

Healthy individuals (not experiencing any physical or mental health issues).

Not pregnant.

Demonstrated desire to maintain healthy dietary habits.



2.2.2 Exclusion criteria

Individuals younger than the target age range.

Non-Saudi participants.

Participants with pre-existing mental or medical conditions.

Pregnant women.

Absence of the desire to adhere to a healthy diet.




2.3 Sample size

The required sample size was calculated using the RaoSoft digital sample size calculator. This determination indicated that a minimum of 377 participants were needed to conduct the study with a 95% confidence interval and 5% margin of error. However, the final sample size exceeded this target, with 1,069 individuals completing the questionnaire. Of these respondents, 418 were excluded as they did not meet the established inclusion criteria and were excluded in the data analysis.



2.4 Data collection

The data collection process involved gathering information on basic sociodemographic factors such as sex, age and education. Additionally, the study participants self-reported their anthropometric measurements, including weight and height. Body mass index (BMI) was subsequently calculated as weight in kilograms divided by height in meters squared. participant weight status was then categorized according to standard BMI thresholds, with underweight defined as BMI < 18.5 kg/m2, normal weight as 18.5 to 24.9 kg/m2, overweight as 25.0 to 29.9 kg/m2, and obesity as 30.0 kg/m2 or greater. Moreover, data collection included assessing participants' self-regulation of eating behavior as well as various variables associated with psychological wellbeing. Further details regarding this process are provided below.



2.5 Self-regulation of eating behavior

The self-regulation of eating behavior was assessed using the 5-item short form of the Self-Regulation of Eating Behavior Questionnaire (SREBQ-5) (Kliemann et al., 2016). The SREBQ-5 was translated into Arabic and validated as part of a recent study published in 2023 which was conducted in the KSA (Al-Hazmi and Noorwali, 2023). The SREBQ evaluates the extent to which individuals can regulate and control their eating behaviors in order to achieve and/or maintain their dietary goals. The SREBQ-5 began with a list of 13 commonly-craved foods, and participants were asked if they intend to control their consumption of these tempting foods and if they have the intention to follow a healthy diet. These questions are designated to exclude participants who do not have healthy dietary intentions by any chance from the survey. Hence, their responses will be excluded during the data analysis process. The SREBQ-5 items were scored on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree), with higher total scores reflecting greater self-regulation of eating behavior. Total mean SREBQ-5 scores were categorized as low (<2.8), moderate (2.8–3.6), or high (>3.6) self-regulation, based on the established cut-offs (Kliemann et al., 2016).



2.6 General anxiety disorder

Assessing GAD was performed using a validated questionnaire consisting of seven items (Spitzer et al., 2006). This questionnaire is widely recognized for its effectiveness in identifying and measuring the severity of GAD symptoms. The Arabic version of this questionnaire has been endorsed by the Saudi Arabian Ministry of Health as a means of self-assessment for anxiety levels (Ministry of Health, 2024). Each item in the GAD-7 questionnaire evaluates different indicators of GAD, with respondents rating their frequency on a scale from 0 (not at all) to 3 (nearly every day). The total score ranges from 0 to 21, with higher scores indicating more severe anxiety. Anxiety severity is classified as follows: scores of 0–4 indicate minimal anxiety, 5–9 suggest mild anxiety, 10–14 represent moderate anxiety, and scores of 15–21 indicate severe anxiety. For analytical purposes, anxiety levels were grouped into two categories: minimal to mild anxiety or the presence of anxiety (moderate to severe), using a threshold score of ≥10 (Löwe et al., 2008).



2.7 Self-esteem

The evaluation of self-esteem utilized the validated Arabic version of a standardized single-item scale, where participants rated their agreement with the statement “I have high self-esteem.” This scale employed a 5-point Likert scale ranging from “not at all true of me” to “very true of me” (Fekih-Romdhane et al., 2023). The scoring system ranged from 1 to 5, where 1 indicated “not at all true of me,” 2 represented “rather not true of me,” 3 denoted “some part true of me,” 4 signified “true of me,” and 5 indicated “very true of me.” Participants selected the response option that best corresponded to their agreement or disagreement with the statement. A higher score indicated higher self-esteem, while a lower score indicated lower self-esteem. Responses were categorized into two groups: “Low self-esteem” (including responses 1 to 3) and “High self-esteem” (including responses 4 and 5) (Conner and Norman, 2017).



2.8 Perceived quality of life

Participants' perceived quality of life was assessed using a standardized single-item question derived from the Arabic version of the World Health Organization Quality of Life (WHOQOL) questionnaire. Respondents were asked, “How would you rate your quality of life?” and were provided a 5-point Likert scale to indicate their subjective evaluation, ranging from “very poor” to “very good (Ohaeri and Awadalla, 2009). This enabled the consistent quantification and analysis of the participants' self-reported quality of life as part of the broader survey data collection. Responses were dichotomized into two categories: “Low perception of quality of life” (including responses 1 to 3) and “High perception of quality of life” (including responses 4 and 5) (Conner and Norman, 2017).



2.9 Health satisfaction

Participants' level of health satisfaction was evaluated using a standardized single-item question derived from the validated Arabic version of the WHOQOL questionnaire: “How satisfied are you with your health?” Respondents were presented with a 5-point Likert scale to indicate their level of health satisfaction, with options ranging from “very dissatisfied” to “very satisfied” (Ohaeri and Awadalla, 2009). Responses were categorized into two groups: “Low health-satisfaction” (including responses 1 to 3) and “High health-satisfaction” (including responses 4 and 5) (Conner and Norman, 2017).



2.10 Dietary habits

Dietary habits were assessed using a short questionnaire aimed at assessing food intake in Qatar (Donnelly et al., 2018), a neighboring Arab country with similar characteristics to the KSA. From that questionnaire, 5 questions were adopted by the present study to evaluate the frequency of consuming specific dietary habits, involving the daily intake of vegetables, fruits, snacks, fast food, soft drinks and breakfast. Participants responded to questions about how often they consumed specific food items, with options ranging from “never” to “once or more daily”. For analytical purposes, the response options were consolidated into two categories: daily consumption vs. less than daily consumption.



2.11 Statistical analysis

The statistical analysis was conducted using IBM SPSS Statistics software, version 29.0 (Armonk, NY, USA: IBM Corp). Continuous variables were summarized as means and standard deviations, while categorical variables were reported as frequencies and percentages. Multivariate linear regression analysis was used to investigate the associations between the SREB score and other independent variables. Standardized Beta coefficients were calculated to estimate the magnitude of the effect of each independent variable on the SREB score, while accounting for the influence of the other variables included in the model. Multivariate binary logistic regression analysis was performed to examine the predictive factors associated with the high capacity for SREB. The odds ratio (OR) was used to estimate the likelihood of other variables predicting a high capacity for SREB. Both the linear regression and logistic regression analyses included the calculation of a 95% confidence interval (CI) for the estimated coefficients. The 95% CI represents the range of values within which the true population parameter is expected to lie with 95% confidence. Statistical significance was defined as a p < 0.05. To improve the clarity and coherence of the writing, the ChatGPT model (GPT-4, OpenAI, October 2023) was employed. This generative AI technology facilitated the enhancement of linguistic precision throughout the article.




3 Results

The current study enrolled a total of 651 Saudi Arabian participants, with a mean age of 26.0 ± 6.0 years. Descriptive data are presented in Tables 1, 2 as well as Figures 1, 2. Females comprised the majority of the sample, accounting for 93.2% of the participants. Approximately one-third of the participants had a body weight that was higher than the healthy range. Specifically, 20.7% were with overweight, and 14.1% were with obesity (Table 1). High self-regulation of eating behavior (SREB) was observed only in 15.5 % of the participating sample (Figure 1). Nearly two-thirds of the participants were affected by generalized anxiety disorder (GAD), indicated by scores of 10 points or greater on the scale. Within this group, 39.9% exhibited moderate levels of anxiety, and 25.3% experienced severe levels of anxiety (Figure 2). With regards to dietary habits, a very low percentage, compromising only 8.8%, reported consuming fruits on a daily basis. Daily vegetable intake was also low, with just 19.7% of the participants reported eating vegetables daily. Conversely, a much higher proportion, close to one-third of the sample, indicated that they consumed snack foods such as chocolate and chips on a daily basis (Table 2).


TABLE 1 Sociodemographic characteristics of study participants.

[image: Table summarizing descriptive statistics for a sample of 651 people, detailing age, sex, education, BMI, weight status, self-esteem, perceived quality of life, and health satisfaction with both mean values and categorical breakdowns.]


TABLE 2 Dietary habits of study participants.

[image: Data table showing daily intake behaviors for 651 individuals. Most participants do not consume fruits, vegetables, or soft drinks daily, while a minority report daily intake of breakfast and snacks. Percentages are provided for each category.]


[image: Pie chart illustrating SERB levels, with 63.0 percent categorized as moderate, 21.5 percent as low, and 15.5 percent as high. Color legend distinguishes low, moderate, and high segments.]
FIGURE 1
 Distribution of self-regulation of eating behavior (SREB) levels.



[image: Pie chart illustrating Generalized Anxiety Disorder severity with four segments: Minimal at 11.1 percent, Mild at 23.7 percent, Moderate at 39.9 percent, and Severe at 25.3 percent. Color key is provided.]
FIGURE 2
 Generalized anxiety disorder (GAD) severity distribution.


The results of multivariate linear and logistic regression analyses are presented in Tables 3, 4, respectively. The linear regression analysis revealed that higher SREB scores were significantly associated with lower scores of GAD (β = −0.13, 95% CI; −0.12 to −0.03; p < 0.001). This negative association suggests that greater symptomatology of generalized anxiety disorder is related to lower levels of self-regulation of eating behavior among the study participants. In other words, individuals exhibiting more severe symptoms of generalized anxiety disorder tend to display poorer self-regulation of their eating behavior. Conversely, self-esteem was found to be positively associated with SREB scores (β = 0.11, 95% CI; 0.11 to 0.56; p = 0.003) (Table 3). Furthermore, health satisfaction was positively associated with a nearly 5-fold increase in the likelihood of exhibiting elevated SREB (OR = 4.88, 95% CI; 1.67 to 14.19; p = 0.004) (Table 4).


TABLE 3 Factors associated with self-regulation of eating behavior score.

[image: Statistical table showing multivariate linear regression results for variables linked to a health outcome, with beta coefficients, confidence intervals, and p-values. Significant predictors include education, BMI, self-esteem, health satisfaction, GAD score, breakfast, and snacks intake, as indicated by bold p-values under 0.05.]


TABLE 4 Factors associated with high self-regulation of eating behavior.

[image: Table showing odds ratios, confidence intervals, and p-values for various variables in a logistic regression analysis. Significant predictors with bold p-values include education, overweight/obesity, health satisfaction, fruit intake, breakfast intake, and snack intake.]

Regarding anthropometric and dietary factors, an inverse association was observed between SREB scores and BMI (β = −0.10, 95% CI; −0.08 to −0.00; p = 0.01), such that higher SREB was linked to lower BMI. Specifically, this finding suggests that for every one-unit increase in BMI, SREB scores decrease by 0.10 units (Table 3). According to the logistic regression analysis, the likelihood of achieving a high level of SREB is reduced by 45% among participants with overweight or obesity compared to those with normal or underweight status (OR = 0.55, 95% CI; 0.31 to 0.96; p = 0.03), (Table 4). Conversely, the reciprocal of this odds ratio (1/0.55 ≈ 1.82) implies that participants classified as normal weight or underweight are ~1.82 times more likely to have high SREB than their counterparts with overweight or obesity.

Interestingly, the daily intake of fruits was positively associated with a higher likelihood of having a high SREB. Specifically, the probability of having a high level of SREB was nearly three times higher for participants who consumed fruits every day compared to those who did not (OR= 2.90, 95% CI; 1.44 to 5.84; p = 0.003). Additionally, daily breakfast intake was associated with a 64% increase in the likelihood of having a high SREB (OR= 1.64, 95% CI; 1.01 to 2.63; p = 0.04). Conversely, the daily snack consumption was associated with reduced capacity for SREB. Specifically, participants who reported eating snacks every day were 47% less likely to exhibit high SREB levels compared to those who did not (OR = 0.53, 95% CI; 0.30 to 0.92; p = 0.02) (Table 4).



4 Discussion

The relationship between self-regulation of eating behavior (SREB), dietary habits, and mental health is a growing area of scientific interest (Schmalbach et al., 2021; Barak et al., 2021; Annesi, 2021; Dakanalis et al., 2023). Within the context of Saudi Arabia, this research represents the initial exploration of SREB, with anxiety levels and dietary behaviors examined as predictive factors. According to the findings of the present study, the prevalence of high SREB was found to be relatively low, accounting for only 15.5% of the studied population. This finding is consistent with the only other published study on SREB in the KSA, which reported a prevalence rate of 17.7% (Al-Hazmi and Noorwali, 2023). Notably, the investigation indicated that higher levels of SREB were linked to lower BMI values among the Saudi population. This inverse relationship between SREB and BMI aligns with the observations reported in studies from the United Kingdom (Kliemann et al., 2016), United States of America (Graff et al., 2021), and Germany (Schmalbach et al., 2021). Such association may be attributed to the increased likelihood of individuals with stronger self-regulatory eating habits to embrace mindful and healthier eating behaviors, thereby resulting in better weight management and lower BM (Román and Urbán, 2019). Accordingly, it can be concluded that high capacity for SREB can be considered a protective factor against the development of overweight and obesity. Hence, it is important to consider strategies aimed at enhancing SREB as they could prove beneficial in addressing the escalating rates of obesity within the KSA.

Interestingly, the current study detected an inverse association between higher scores of SREB and lower scores of GAD. It is suggested that individuals with a greater capacity for self-regulating their eating behaviors tend to also experience fewer symptoms of generalized anxiety. This is in line with the findings of a study conducted in the USA which found that higher capacity for SREB is associated with a reduction in anxiety levels among university students (Graff et al., 2021). Another study from Netherlands found that higher capacity for SREB was linked to improved overall wellbeing in young adults (Telman, 2023). These findings hold significance in the KSA context, particularly considering the widespread prevalence of anxiety reported among the population (Altwaijri et al., 2020). Although the mechanism underlying the negative association between SREB and anxiety is not yet clear, it is hypothesized that SREB could be associated with healthy dietary choices that may improve mental health and overall wellbeing. Previous reviews have indicated that maintaining healthy dietary patterns is linked to favorable mental health outcomes, whereas adopting less healthy dietary patterns may have detrimental effects on an individual's psychological wellbeing (Głabska et al., 2020; Ventriglio et al., 2020; Teasdale et al., 2019; Grajek et al., 2022; Collins et al., 2022).

The exact processes through which healthy dietary choices may impact mental health are also not yet fully understood. However, it is proposed that healthy food choices rich in substances like antioxidants and vitamins may influence pathways related to inflammation regulation, and oxidative stress, both of which are factors linked to psychological wellbeing (Suárez-López et al., 2023; Godos and Grosso, 2021). The present study's findings offer support for such proposed hypotheses. For instance, there was a notable positive association between a higher likelihood of having high SREB and maintaining healthy dietary habits. Specifically, participants who consume fruits on daily basis have a nearly threefold higher probability of having a high level of SREB compared to those who do not. This is consistent with previous studies that found a positive association linking the high intake of fruits and vegetables to high SREB (Kliemann et al., 2016, 2018). Additionally, the present study found that individuals who consume breakfast daily show a nearly 64% higher probability of having a high level of SREB compared to those who skip breakfast. It is expected that individuals who regularly consume breakfast may be more likely to make healthier food choices throughout the day, contributing to higher capacity for SREB.

Finally, it was found that higher SREB is associated with higher self-esteem and higher health satisfaction. Mechanisms through which self-esteem and health satisfaction may lead to higher levels of SREB likely involve multiple pathways. For instance, individuals with high self-esteem and health satisfaction tend to have greater confidence in their abilities to maintain their wellbeing. This confidence may translate into healthier dietary choices and more disciplined eating habits. Additionally, positive self-esteem and satisfaction with one's health promote feelings of empowerment and emotional resilience, which could reduce the likelihood of impulsive or emotional eating (Verstuyf et al., 2012; Chammas et al., 2024; Guertin and Pelletier, 2023). Overall, fostering positive self-esteem and promoting health satisfaction may facilitate improved self-regulation of eating behavior and contribute to overall wellbeing.

However, it is important to note that the relationship between SREB and self-esteem, dietary habits and anxiety might be bidirectional (Dohle et al., 2018; Polivy and Herman, 2005), and further investigations are warranted to better understand these associations. Moreover, it is worthy to acknowledge the potential role of mediating and moderating factors that may influence the relationships between SREB and other variables, which were not investigated in the present study. For instance, it may be recommended to consider the influence of socioeconomic status and physical activity level, on such associations in future research. Identifying the potential mechanisms and boundary conditions that shape the links between self-regulation of eating and related psychosocial factors is crucial for developing a more comprehensive understanding of this complex phenomenon.

Given the important role of SREB in addressing obesity and its potential association with anxiety, it is crucial to consider the key factors that influence SREB levels. The findings of this study highlight the importance of healthy dietary habits, particularly the daily consumption of fruits and breakfast, as well as the role of high self-esteem, in shaping SREB. These insights can inform the development of targeted interventions and public health strategies to enhance SREB and address the related health challenges in the KSA.


4.1 Strength and limitations

The key strength of this study is that it is the first to explore the associations between SREB, mental health, and dietary habits among the Saudi population. However, it has several limitations that should be considered when interpreting the findings. The cross-sectional design of the study restricts the ability to infer causal relationships between the variables. Future longitudinal investigations are needed to establish the directionality of the associations observed in this research. Additionally, the reliance on self-reported data for dietary habits, anthropometric measurements and SREB may be subject to recall bias and social desirability bias, potentially affecting the accuracy of the information collected. This limitation should be addressed in subsequent studies by incorporating more objective measures of these variables. Finally, the present investigation did not explore the potential mediating or moderating factors that could influence the relationships between SREB, mental health, and dietary habits. Incorporating an examination of intermediary variables could provide additional insights into the complex interplay between these constructs and inform the development of more targeted interventions.




5 Conclusions

The present study suggests that a high capacity for self-regulation in eating may be beneficial in reducing obesity rates in the KSA and improving mental health among the Saudi population. The promotion of healthy dietary habits emerges as a promising strategy to enhance self-regulatory eating behaviors. However, it is crucial to consider potential bidirectional associations and the influence of mediators and moderators, such as socioeconomic status and physical activity. Therefore, further research is needed to gain a better understanding of these associations and to inform appropriate interventions aimed at increasing SREB among the Saudi population, thereby improving both physical and mental wellbeing among the population living in the KSA.
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Emotional eating, characterized by the tendency to increase food intake in response to negative emotional states, is often linked to poor emotion regulation. While mindfulness-based interventions have been studied for their benefits in reducing emotional eating, less is known about how inherent mindfulness traits, relate to emotional regulation particularly among individuals with polycystic ovary syndrome (PCOS), a population known for high rates of psychological distress and disordered eating behaviors. This study investigates the associations between different facets of mindfulness, depressive symptoms, and emotional eating among individuals with PCOS and infertility who had not received any formal mindfulness intervention. A cross-sectional study was conducted involving 334 individuals. Participants completed the Five Facet Mindfulness Questionnaire-Short Form (FFMQ-SF), the Patient Health Questionnaire (PHQ-9) to assess depressive symptoms, and the Dutch Eating Behavior Questionnaire (DEBQ) to measure emotional eating. Structural Equation Modeling (SEM) was employed to examine the relationships between inherent mindfulness traits (i.e., observation, describing, acting with awareness, non-reactivity, and non-judgment), depressive symptoms, anxiety, and emotional eating. The findings indicated that the trait of acting with awareness may reduce emotional eating through its influence on depressive symptoms, while observational mindfulness was found to be associated with increased emotional eating without prior external mindfulness training. In conclusion, Mindfulness is a multidimensional construct, with its facets contributing differently to emotional regulation and eating behaviors in individuals with PCOS and infertility. Future research should explore these nuances to develop more targeted interventions.
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Introduction

Polycystic ovary syndrome (PCOS) is characterized by a series of symptoms, including irregular menstrual cycles, excess androgen levels, and ovarian cysts. It is a common endourological disorder that influence about 8–13% individuals in their reproductive years (World Health Organization, 2023). Polycystic ovary syndrome (PCOS) is a leading cause of infertility among individuals. The incidence of infertility among individuals with PCOS varies but is generally quite high. Research indicates that approximately 70 to 80% of individuals with PCOS experience infertility issues (Melo et al., 2015). The primary reason for this high rate is anovulation, where the ovaries do not release an oocyte during a menstrual cycle, which is a common symptom of PCOS. Other factors such as insulin resistance, obesity, and hormonal imbalances further contribute to infertility in individuals with PCOS (Layacha and Biswas, 2023). What’s more, PCOS also has potential long-term effects on health, such as increased risk of type 2 diabetes and cardiovascular disease (Layacha and Biswas, 2023; Stener-Victorin et al., 2024). Individuals diagnosed with PCOS show higher prevalence of self-reported psychological issues, such as anxiety, depression and reduced levels of body satisfaction (Dybciak et al., 2023; Teede et al., 2023). A meta-analysis reported about 34% of individuals with PCOS reported depressive symptoms and 43% reported anxiety symptoms while general infertile individuals show prevalence of 20% for anxiety and depression (Wang et al., 2021).

Emotional eating is a significant issue for individuals with PCOS. A systematic review conducted in 2023 found that the incidence of emotional eating ranges from 30 to 50% among individuals with PCOS. Emotional eating is defined as eating in response to an emotional state rather than hunger, often as a form of emotional comfort or as a way to manage negative feelings in unhealthy ways (Burnatowska et al., 2023). It is related to key health concerns such as disordered eating and obesity, which can potentially lower the success rates of assisted reproductive technologies. Furthermore, several studies have found that maternal eating disorders increase the risk of gestational diabetes mellitus (GDM) during pregnancy and emotional disorders in childhood (Kimmel et al., 2016; Silvani et al., 2020). Research indicates that individuals with PCOS are at high risk for emotional eating, often originating during adolescence (Steegers-Theunissen et al., 2020). This is primarily due to the physical manifestations of the disease, such as hirsutism, acne, acanthosis nigricans, and obesity, which can lead to body image disturbances and depression. Additionally, prolonged menstrual irregularities and infertility in adulthood exacerbate their psychological burden. A longitudinal study tracking adolescent and young adult females over 4 years found that early adverse eating behaviors and negative life experiences can contribute to the development of emotional eating, which may progress into eating disorders (Steegers-Theunissen et al., 2020).

Negative emotional experiences have critical influence on eating behavior. This is supported by the growing number of studies indicating that the emotional eating is associated with depression and anxiety (Ouwens et al., 2009; Dakanalis et al., 2023). High levels of anxiety or depression cause chronic stress, which activates the Hypothalamic–Pituitary–Adrenal (HPA) axis, increases cortisol secretion, and inhibits the release of dopamine and serotonin. This neurotransmitter imbalance is often compensated for through food intake, leading to emotional eating (Chang et al., 2022). Individuals store these learned experiences in cognitive patterns, which makes it difficult for them to distinguish between hunger and anxiety, leading to compulsive overeating (Ziauddeen et al., 2015). Emotional eating not only reflects an individual’s susceptibility to emotional influences in their eating behaviors but also indicates a lack of emotional regulation, perception, and coping skills when dealing with emotional distress (Macht and Simons, 2011). This lack of emotional management makes individuals more vulnerable to their emotions. Previous study have supported the Escape theories which posit that the emotional eating may avert attention away from distressing stimuli and thereby rely on the avoidance distraction (Aldao et al., 2010). Therefore, it is important for individual not only to notice their physical and emotional feelings, but also express and being open to these feelings that contributes to the unhealthy consummatory.

The ability to focus on emotional reactions, perceptual experiences, and bodily sensations is an important aspect of mindfulness. Mindfulness is defined as a mental state achieved by focusing one’s awareness on the present moment while calmly acknowledging and accepting one’s feelings, thoughts, and bodily sensations (Kabat-Zinn, 1982). Although everyone inherently possesses this mindfulness trait, it can be enhanced through mindfulness interventions. Indeed, one of the main functions of mindfulness is to regulate emotions by targeting poor emotion regulation, low self-efficacy, and positive emotionality (Baroni et al., 2018; Polizzi and Lynn, 2021). Specifically, mindfulness enhances an individual’s capacity to manage and respond to emotional experiences in a balanced and adaptive manner. For example, mindfulness practices have been associated with reduced emotional reactivity and increased emotional clarity, allowing individuals to respond to stressors with greater composure and less impulsivity (Chambers et al., 2009). This improved emotional regulation can lead to better mental health outcomes and increased resilience in the face of challenges. Since emotional eating may be driven by maladaptive affect regulation, numerous researchers have focused on the role of mindfulness interventions in addressing eating disorders, particularly emotional eating. Studies have demonstrated that mindfulness is negatively associated with emotional and uncontrolled eating, as well as with constructs related to emotional eating (Gouveia et al., 2019; Czepczor-Bernat et al., 2020). However, across these studies, mindfulness has generally been operationalized in a broad sense rather than considering the specific facets of trait mindfulness.

To better understand the mechanism of mindfulness in psychological treatment, Bishop et al. (2004) established an operational definition that precisely describes the various components of mindfulness, including observing, describing, acting with awareness, non-judgment, and non-reactivity (Bishop et al., 2004). Following this, the Monitor and Acceptance Theory (MAT) was proposed, explaining the effects of mindfulness on affective and health outcomes through two active mechanisms: attention monitoring and acceptance. According to MAT, acceptance is an umbrella term encompassing a broad range of constructs, including the non-judging and non-reactivity facets of mindfulness (Lindsay and Creswell, 2017). Since acceptance involves early engagement with and disengagement from negative experiences, it reduces emotional reactivity and the need for maladaptive emotional regulation strategies. Recently, a cross-sectional study conducted in a community sample examined the effects of specific components of mindfulness on negative emotions and emotional eating. The results showed that depressive symptoms significantly interacted with non-judging of inner experience to predict emotional eating (Hsu and Forestell, 2021); individuals high in non-judging reported less emotional eating compared to those average or low in non-judging. Additionally, another study involving 259 individuals indicated that acting with awareness and non-reactive mindfulness might be important treatment (Barnhart et al., 2021).

These studies highlight the importance of the different components of mindfulness in regulating emotions and eating behavior. Specifically, non-judgment, acting with awareness, and non-reactivity are key regulatory factors when dealing with psychological issues such as depressive symptoms and emotional eating.

Investigating how individuals with higher levels of trait mindfulness, particularly specific facets such as acting with awareness, naturally engage in mindful eating could provide valuable insights. Such research could inform the development of mindfulness-based eating interventions, enhancing their accessibility and effectiveness by focusing on the natural cultivation of mindfulness without the need for intensive training. Therefore, a cross-sectional study was conducted to examine the associations among trait mindfulness facets (including observation, describing, acting with awareness, non-reactivity, non-judgement), negative emotions and emotional eating with individuals with PCOS and infertility who had not received any formal mindfulness intervention. We hypothesized that mindfulness facets, particularly observation, acting with awareness and non-judgement may have effect on emotional eating through their influence on symptoms of depression/anxiety. Higher levels of mindfulness lead to lower levels of depression, which in turn reduces emotional eating.



Method


Study population

This study was conducted at a reproductive center in Suzhou, China, from April 2023 to July 2024. A total of 334 individuals who visited the outpatient department and were diagnosed with infertility (diagnosed as a couple unable to conceive after 1 year of regular, with unprotected intercourse) and PCOS (according to Rotterdam criteria, where two of the three were met: oligo-ovulation or anovulation, clinical manifestations of hyperandrogenism and/or hyperandrogenemia, or ovarian polycystic changes) were invited to participate in this study. Previously eligible patients were not contacted by phone. The inclusion criteria required participants to be above the age of 18 years, and express willingness to provide written informed consent. Considering that this study assessed individuals’ mindfulness traits using a trait-based scale, rather than applying a mindfulness-based intervention, it aimed to explore how inherent mindfulness traits are associated with depression, anxiety, and emotional eating. And since prior studies have indicated that mindfulness practice may influence emotional regulation and eating behaviors (Alberts et al., 2012; Ahy et al., 2020), we excluded individuals either with a history of previously received mindfulness-based intervention or meditation, or with histories of psychiatric disorders.

Baseline characteristics were collected using standardized tablet-based questionnaires administered through face-to-face interviews. Participants were informed that the survey was focused on assessing eating habits. They independently completed the questionnaires, while the researcher was available to address any arising questions and to ensure the thorough completion of the questionnaire. General information regarding infertility duration, type, and obstetric history were extracted from electronic medical records. All methodologies and protocols for data collection were reviewed and approved by the Institutional Review Board of Suzhou Municipal Hospital (No. K-2024-044-K01). Prior to participation, all included individuals were briefed on the study’s purpose and procedures, and provided informed consent at their initial visit to the reproductive center.



Measure

The Chinese version of Five Facet Mindfulness Questionnaire-Short Form assesses five trait facets of mindfulness which include: observation, description, acting with awareness, non-judgement, non-reactivity. The FFMQ-SF contains 24 items divided into five subscales of either 4 or 5 items. All items are measured on a 5-point Likert scale ranging from 1 (“never or very rarely true”) to 5 (“very often or always true”). Higher scores are indicative of increased endorsement of the mindfulness facets. Previous research demonstrates good psychometric properties (i.e., good internal consistency and construct validity) with the FFMQ-SF (Bohlmeijer et al., 2014).

The symptoms of anxiety were assessed with the GAD-7, a 7-item self-report questionnaire. Scores on the GAD-7 range from 0 to 21, each item is assigned a score of 0 (never) to 3 (every day); cut-offs are 5, 10, and 15 for mild, moderate, and severe anxiety, respectively. The Cronbach’s α for the Chinese version is 0.81 (Shan and Li, 2015).

The symptoms of depression were assessed using the PHQ-9, which is based on the nine diagnostic criteria for depression in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, text revision. The PHQ-9 scores range from 0 to 27, cut-offs are 5, 10, 15, and 20 for mild, moderate, moderately severe, and severe depression, respectively. The Chinese version of the PHQ-9 has been validated (Cronbach’s α = 0.89) (Kroenke et al., 2001).

Emotional eating was assessed using the Chinese version of the Dutch Eating Behavior Questionnaire (DEBQ-C). The DEBQ-C comprises three domains: emotional eating, external eating, and restrained eating. For this survey, only the emotional eating domain, consisting of 13 items, was utilized. Participants rated the frequency of experiencing these emotions about eating using a Likert scale, with response options ranging from “never” to “always,” scored from 1 to 5, respectively. Scores for emotional eating could range from 13 to 65, with higher scores indicating a greater tendency toward emotional eating. Cronbach’s for the Chinese version is 0.95 (Wu et al., 2017).



Data analysis

Data were screened to ensure the values of the variables were within the expected ranges and to detect the presence of the possible outliers and the missing data. Descriptive statistics were computed to determine the means, standard deviations, ranges, skewness, and kurtosis for the primary study variables: mindfulness facets (observation, acting with awareness, describing, non-judgment, non-reactivity), depression, anxiety, infertility-related stress, and emotional eating. The Shapiro–Wilk test was used to determine the normality of the data distributions. Pearson correlation coefficients were computed to assess the bivariate relationships among the primary study variables, including mindfulness facets, depression, anxiety, and emotional eating. This preliminary analysis was critical for identifying potential multicollinearity issues and for guiding the selection of variables for inclusion in more complex models. After that, a mediation analysis was conducted to examine whether mindfulness facets mediate the association between depression/anxiety and emotional eating. The indirect effect of depression/anxiety on emotional eating through the different facets of mindfulness was tested. Bootstrapping procedures (with 5,000 resamples) were used to obtain bias-corrected confidence intervals for the indirect effect.

To further investigate the complex relationships among mindfulness, depression, and emotional eating, Structural Equation Modeling (SEM) was conducted using AMOS software. The structural model was specified with observation, acting with awareness, non-reactivity, and non-judgment facets of mindfulness as exogenous variables, depression as a mediating variable, and emotional eating as the endogenous outcome. Model fit indices, such as Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA), were evaluated to assess the adequacy of the model. The SEM analysis provided a comprehensive understanding of the direct and indirect pathways through which mindfulness facets influence emotional eating via depressive symptoms.




Results


Descriptive statistics

In the initial sample, 352 participants were recruited for the study. However, due to concerns about data quality, some participants were excluded from the analysis. Specifically, 2 participants were excluded because they reported extreme body mass index (BMI) values, defined as BMI < 17 based on the World Health Organization standards, which indicate extreme thinness and suggest the presence of potential extraneous health conditions that could impact data quality. Additionally, 16 participants were not included in the final analysis due to missing data on more than one item. After these exclusions, a total of 334 participants were included in the data analysis. Please see Table 1 for the baseline characteristics of the participants.



TABLE 1 Baseline characteristics of the participants (N = 334).
[image: Table showing demographic and clinical characteristics of 334 participants, including age, education, household income, body mass index categories, subfertility type, parity status, and duration of subfertility in years.]

Regression assumptions, including additivity, homoscedasticity, linearity, and normality were examined and scatterplots generated. Collinearity diagnostics revealed that each variable had a tolerance greater than 0.20, showing that each variable has a unique contribution on emotional eating variance, and variance inflation factors that did not exceed 5, indicating that multicollinearity was not a concern. Descriptive statistics including means, standard deviations, minimum and maximum values, range, and bivariate correlations are presented in Table 2.



TABLE 2 Descriptive statistics and bivariate correlation across the primary study variables (N = 334).
[image: Table displaying means, standard deviations, and ranges for nine psychological measures, including PHQ-9 and GAD-7, along with a correlation matrix highlighting significant associations; significance indicated by asterisks and abbreviations explained below the table.]



Correlations among mindfulness facets, depression/anxiety and emotional eating

As shown in Table 2, significant correlations were found among the study variables. Depression (measured by PHQ-9) was positively correlated with emotional eating (r = 0.177, p < 0.001). Within the mindfulness facets, the observation subscale was positively correlated with both depression (r = 0.130, p < 0.05) and emotional eating (r = 0.236, p < 0.001). In contrast, the acting with awareness subscale showed significant negative correlations with both depression (r = −0.406, p < 0.001) and emotional eating (r = −0.208, p < 0.001).



Mediation analysis among mindfulness facets, depression and emotional eating


Direct effect of depression/anxiety on emotional eating

Mediation analysis was conducted to examine whether depressive/anxious symptoms mediate the relationship between different mindfulness facets and emotional eating (Table 3). The analysis revealed a significant relationship between depression and emotional eating. Specifically, higher levels of depressive symptoms were associated with increased emotional eating (Coeff = 0.3783, SE = 0.1143, p = 0.0010). However, anxiety did not show a significant association with emotional eating.



TABLE 3 Coefficient for depression/anxiety as the mediators of the association between mindfulness and emotional eating (N = 334).
[image: Statistical results table presenting regression coefficients, standard errors, t values, p values, and confidence intervals for models assessing depression and anxiety as moderators between mindfulness facets and emotional eating, including covariates BMI and age.]



Depression as the meditator between mindfulness acting with awareness and emotional eating

Mediation analysis was conducted to examine whether depressive symptoms mediate the relationship between the mindfulness facet of acting with awareness and emotional eating. The direct effect of acting with awareness on emotional eating was found to be significant (Coeff = −0.557, SE = 0.178, p = 0.002). Additionally, a significant indirect effect through depressive symptoms was observed (Coeff = −0.207, BootSE = 0.078, LLCI = −0.372, ULCI = −0.068). This suggests that acting with awareness reduces emotional eating both directly and indirectly by lowering depressive symptoms, indicating that depression partially mediates this relationship.



Direct effect of mindfulness observation on emotional eating

Results indicated that mindfulness observation had a significant positive direct effect on emotional eating (Coeff = 0.453, SE = 0.183, p = 0.003). Mediation analysis showed that depressive symptoms did not significantly mediate the relationship between mindfulness observation and emotional eating. The indirect effect through depression was small and not significant (Coeff = 0.009, LLCI = −0.044, ULCI = 0.075), indicating that the positive association between mindfulness observation and emotional eating exists independently of depressive symptoms.



Path analysis of mindfulness facets related to depression and emotional eating

Path analysis showed that some of the hypothesized paths were not significant (e.g., among non-reacting/non-judgement to emotional eating and depression) consequently, these paths related to these two variables were removed from the model. The revised model was tested and the results are presented in Figure 1. The revised model showed significant path coefficients ranging from 0.18 to 0.59 and an acceptable fit to the data (CFI = 0.97, NFI = 0.96, RMSEA = 0.068). The bootstrapping procedure confirmed significant direct effects of the observation (confidence interval: 0.113 to 0.312) and acting with awareness (CI: −0.24 to −0.05) on emotional eating. Additionally, acting with awareness was associated with emotional distress indirectly through depression (CI: −0.15 to −0.03).

[image: Path diagram showing relationships between observation, acting with awareness, depression, and emotional eating. Observation positively affects emotional eating with a coefficient of zero point five eight. Acting with awareness negatively affects depression with negative zero point five eight and emotional eating with negative zero point four seven. Depression positively affects emotional eating with zero point one eight. Observation and acting with awareness are mutually correlated.]

FIGURE 1
 Final model showing the effect of mindfulness facets (observation, acting with awareness) on emotional eating via depression.






Discussion

This study is conducted to explore the association among different facets of mindfulness, depressive symptoms, and emotional eating among individuals with PCOS and infertility. The findings provide new insights into how specific mindfulness traits, specifically observation and acting with awareness regulate emotional eating behaviors by influencing depressive symptoms.

The current study found that the mindfulness facet of acting with awareness was negatively correlated with emotional eating and significantly associated with lower levels of depressive symptoms, which indirectly helped reduce emotional eating. Acting with awareness refers to the ability to stay focused and fully engaged in present activities, rather than operating on autopilot or in a distracted state (Sørensen et al., 2018). This finding aligns with previous researches showing that acting with awareness helps individuals manage emotions and behaviors, thereby reducing emotional eating (Barnhart et al., 2021). Furthermore, an intervention targeting emotional eating through acting with awareness was tested among individuals who self-identified as having difficulties with emotional eating and the positive outcomes suggest that incorporating acting with awareness training could effectively address psychological factors that contribute to overeating (Lattimore, 2020).

Although the mechanisms through which mindfulness regulates emotional eating remain incompletely understood, existing literature has emphasized its role in moderating or interacting with depressive symptoms (Höppener et al., 2019; Barnhart et al., 2021). Consistent with this finding, the current study identified depression as a significant mediating factor in the relationship between mindfulness and emotional eating. However, the effect of depression on the relationship between acting with awareness and emotional eating was found to be only medium-to-low, in contrast to the stronger medium-to-high effect reported in previous studies. This discrepancy may be due to the unique characteristics of individuals with PCOS and infertility, whose emotional eating behaviors are not solely driven by difficulties in emotional regulation. Other factors, such as hormonal fluctuations and anxiety related to body image (Krug et al., 2019), may also play a role in emotional eating, potentially weakening the direct impact of acting with awareness.

Aside from acting with awareness, several studies have found that higher levels of non-reactivity mindfulness can strengthen the relationship between emotional eating and the severity of depression (Barnhart et al., 2021; Hsu and Forestell, 2021; Verrier and Day, 2022). However, in this study, no significant association was observed between non-reactivity and these factors. This discrepancy may be attributed to differences in the sample populations, as our study specifically focused on individuals with PCOS and infertility, who face distinct psychological and physiological challenges compared to other groups (Stener-Victorin et al., 2019). Notably, the average depression score among participants in this study was 7.44, indicating that a significant proportion of individuals experienced depressive symptoms.

In contrast, our study found that the observation facet of mindfulness was positively correlated with emotional eating. Previous research suggests that individuals with PCOS tend to exhibit heightened sensitivity to their bodies. Women with PCOS often experience greater body dissatisfaction compared to those without the condition (Davitadze et al., 2023), and this excessive focus on bodily changes, such as weight gain and other physical symptoms, has been linked to the development of disordered eating behaviors (Burnatowska et al., 2023). Our findings indicate that heightened awareness, as measured by the observation facet of mindfulness, may exacerbate maladaptive behaviors like emotional eating, particularly in individuals who have not received formal emotion regulation or mindfulness training. Without the skills to manage their heightened awareness, these individuals may struggle to differentiate between physical and emotional hunger cues. This aligns with the Monitoring and Acceptance Theory (MAT), which suggests that without proper training, increased awareness can lead to an excessive focus on bodily sensations, making it difficult to distinguish between emotional and physical hunger, thereby potentially triggering unhealthy eating behaviors (Lindsay and Creswell, 2017). Additionally, a longitudinal study on the relationship between mindfulness facets and disinhibited eating also found that higher levels of observation predicted increased external and emotional eating over time (Sala and Levinson, 2017). Therefore, interventions focusing on managing body awareness and emotions should be explored further in this population.

This study has several limitations that should be acknowledged. First, the cross-sectional design limits the ability to determine cause and effect between mindfulness, depression, and emotional eating, therefore future longitudinal studies are needed. Second, the reliance on self-reported data may introduce biases like social desirability and recall errors, despite using validated questionnaires. Third, the study sample, drawn from individuals with PCOS and infertility at a reproductive center in Suzhou, may limit generalizability to broader populations. Additionally, excluding participants with extreme BMI or missing data could introduce selection bias. Lastly, other factors like diet, exercise, or additional psychological variables were not included and should be considered in future research to provide a more complete understanding.



Conclusion

This study enhances the understanding of how mindfulness relates to emotional eating and depressive symptoms in individuals with polycystic ovary syndrome (PCOS) and infertility. The findings indicate that acting with awareness is negatively correlated with emotional eating and associated with lower depressive symptoms, while observation is positively related to emotional eating. These findings underscore the importance of incorporating mindfulness-based interventions that focus on both acting with awareness and managing bodily sensations. In addition, future research should explore these relationships longitudinally and include a broader range of factors to deepen the understanding of how mindfulness can effectively address emotional eating in diverse populations.
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Objective: This study investigated whether body image mediates the link between mindfulness (state/trait) and restrictive eating behaviors.
Methods: A 6-day daily survey of 65 females with restrictive eating patterns incorporated correlation, regression, and multilevel mediation analyses.
Results: Trait mindfulness, state mindfulness, and body image were positively interrelated, while all three demonstrated inverse relationships with restrictive eating. Both state and trait mindfulness predicted reduced restrictive eating behaviors. Critically, body image fully mediated the effect of state mindfulness on restrictive eating at the intra-individual level, suggesting that daily improvements in mindfulness enhance body image, which subsequently reduces maladaptive eating.
Conclusion: State mindfulness mitigates restrictive eating by fostering positive body image, highlighting body image's role in mindfulness-based interventions. Further research should validate this pathway across diverse populations.
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Introduction

Restrictive dieting refers to the tendency to control food intake by resisting internal cues (such as hunger or satiety) and external cues (such as caloric value and palatability) as a means to manage body weight (Martins et al., 2009; Dohle and Hartmann, 2023). It is identified as a critical maladaptive behavior in the progression from excessive concern over body weight and shape to the development of eating disorders (Kong et al., 2011). Compared to non-restrictive eaters, individuals who engage in restrictive dieting are paradoxically more prone to overeating (Houben et al., 2010). This cycle of repeated dieting and overeating not only fails to achieve the desired effects but may also provoke negative emotions such as inferiority and anxiety (Hartley et al., 2018), leading to adverse behaviors and even suicidal tendencies (McGrath, 2012). Experimental evidence indicates that restrictive eating behaviors can predict the severity of eating disorders (Johnson and Wardle, 2005; Lloyd et al., 2020) and constitute a risk factor for the development of bulimia nervosa (Kelly et al., 2011). Furthermore, researchers have found that individuals who engage in restrictive dieting exhibit dulled interoceptive awareness (Shen, 2016) and demonstrate attentional biases when processing body weight, body shape, and food-related information (Kong, 2012; Hollitt et al., 2010).

Synthesizing previous research, the factors influencing the eating behaviors of restrictive dieters can be categorized into three main types: (1) psychological factors related to the restrictive dieters themselves, such as attitudes toward body shape, cognitive biases toward food, emotions, motivations, attention, goals of restrictive dieting, and self-regulatory capacity; (2) factors related to food, such as caloric content and palatability; (3) factors related to the eating environment, such as the location of eating, the presence of others during meals, and media representations of food (Contento et al., 2005). Among these, the most fundamental factors influencing restrictive eating behavior are the psychological aspects of the restrictive dieters themselves (Kong et al., 2011; Wang and Chen, 2019; Zhou et al., 2012). The purpose of this study is to investigate how mindfulness (both state and trait) influences restrictive eating behaviors through the mediating role of body image, utilizing a diary design to capture dynamic within-person processes. By clarifying this mechanism, we aim to inform targeted mindfulness-based interventions (MBT) for reducing maladaptive eating patterns among female college students.

Mindfulness-Based Interventions (MBT) have led to improvements in patients' self-acceptance and self-compassion, thereby enhancing treatment outcomes (Jordan et al., 2014; Rodríguez et al., 2014; Tran et al., 2020). Since restrictive eating is a pivotal stage in the development of eating disorders, mindfulness-based interventions are likely to have a positive effect (Kao et al., 2025).

Mindfulness can be viewed from two perspectives: state mindfulness and trait mindfulness (Duan, 2014). State mindfulness is an individual's ability to focus attention entirely on the present moment, with variability among individuals. This state can be cultivated or altered through meditation practice (Ruimi et al., 2022). Trait mindfulness, on the other hand, refers to an individual's enduring tendency to approach present experiences and events with an accepting and clear-headed attitude (Mercogliano, 2024). It is considered character strength inherent in the individual. Research indicates that individuals with high levels of mindfulness evaluate stress more positively, employ more effective stress-coping strategies, experience lower levels of anxiety and neuroticism, are more optimistic, and report greater wellbeing (Weinstein et al., 2009). Examining both state and trait mindfulness allows us to capture dynamic fluctuations and stable tendencies in mindful awareness.

Meta-analytic results suggest that mindfulness has extensive benefits on individual health (Querstret et al., 2020; Grossman et al., 2004). According to the Theory of Embodiment (Levy, 2022), bodily sensations significantly affect individual behaviors and psychology. Individuals with eating disorders tend to neglect internal physiological signals and have weak interoceptive abilities, making them less sensitive to these signals and gradually forming unhealthy eating behavior tendencies. State mindfulness helps individuals become more aware of and accept their current bodily sensations, respond naturally to physiological signals, and thereby develop positive bodily experiences, alleviating symptoms of eating disorders such as anorexia nervosa (Rodríguez et al., 2014). Additionally, individuals with high levels of trait mindfulness exhibit less impulsive eating and are more inclined to choose healthy snacks (Jordan et al., 2014), with fewer restrictive eating behaviors (Zhao and Liu, 2017). Thus, it is inferred that individuals with high trait mindfulness have better eating habits.

Body image refers to an individual's evaluation and emotional experience of their own body, which can change over time and across situations (Cash et al., 2002). It is a component of self-concept. Previous research has found that trait mindfulness can predict positive self-concepts, as it is closely related to self-esteem, self-efficacy, self-control, and core self-evaluation (Greason and Cashwell, 2009; Kong et al., 2014). Individuals lacking state mindfulness tend to engage in habitual negative self-evaluation and often struggle to accept themselves, which prevents them from focusing on the tasks at hand (Verplanken et al., 2007). Previous research has shown a significant positive correlation between mindfulness and positive body image (Al-Ghabeesh and Mahmoud, 2022; Lavender et al., 2012).

Negative body image is a key factor contributing to restrictive eating behaviors (Gerner and Wilson, 2005). According to the Theory of Planned Behavior, an individual's attitude toward a specific behavior, subjective norms, and perceived behavioral control all determine their intention to act (Ajzen, 1991). From the perspective of attitudes toward restrictive eating behaviors, individuals dissatisfied with their body shape place greater importance on physical appearance and the value of maintaining weight, thus adopting a positive attitude toward restrictive dieting (Cash et al., 2002). From the angle of subjective norms, factors such as teasing by family members about appearance, maternal dieting behaviors, and media portrayals can lead individuals to develop body image distress (Liang et al., 2017). Consequently, individuals with a negative body image are more susceptible to perceiving dietary control as a subjective norm influenced by social and environmental factors. Regarding perceived behavioral control, restricting one's diet is a relatively low-difficulty task that does not require cooperation from others, thus fostering a strong sense of control. Moore's study confirmed that individuals dissatisfied with their body shape are more inclined to attempt body weight control through restrictive eating, self-induced vomiting, and the use of laxatives (Moore, 1988). Therefore, this study posits that a negative body image is more likely to result in restrictive eating behaviors due to the influence of these three aspects. Additionally, Kelly found that a positive body image helps reduce eating disorders (Kelly and Stephen, 2016); suggesting that a positive body image may also decrease restrictive eating behaviors. Female college students were selected for this study because they are more susceptible to body image problems and restrictive eating behaviors in a socio-cultural context that emphasizes thinness (Hamid et al., 2023). This study aims to explore the relationships among mindfulness, body image, and restrictive eating behaviors in female college students.

Given the significant differences in definitions within the two perspectives of mindfulness, and the fact that most current research focuses on trait mindfulness with limited studies examining state mindfulness, it is important to note that state mindfulness can reveal fluctuations in consciousness and their impact on behavior. Therefore, to comprehensively analyze the effect of mindfulness on eating behaviors, this study considers both levels of mindfulness. It explores the impact of state mindfulness at the intra- and inter-individual levels on body image and restrictive eating behaviors, and the effect of trait mindfulness at the inter-individual level on body image and restrictive eating behaviors. In summary, the objectives of this study are twofold: first, to examine the influence of trait and state mindfulness on restrictive eating behaviors, and second, to determine whether body image mediates the effects of different levels of mindfulness on restrictive eating behaviors. Based on these objectives and the theoretical framework outlined above, we propose the following hypotheses:

H1a: State mindfulness negatively predicts restrictive eating.

H1b: Trait mindfulness negatively predicts restrictive eating.

H2a: Trait mindfulness positively predicts body image.

H2b: State mindfulness positively predicts body image.

H3: Body image negatively predicts restrictive eating.

H4: Body image mediates the relationship between mindfulness (state/trait) and restrictive eating.



Methods


Participants

Participants were recruited from two public universities in Guangxi, China, selected based on their accessibility and representative student demographics in southern China. Recruitment was conducted through online announcements (university portals, WeChat groups) and in-person flyers distributed across campus public areas (e.g., libraries, cafeterias) to minimize selection bias.

Initially, 415 female students completed the Dutch Eating Behavior Questionnaire (DEBQ) screening. Restrictive eaters were defined as those scoring ≥3 on the DEBQ Restrained Eating subscale (Van Strien et al., 1986; Wang, 2012). Of the 114 identified restrictive eaters, 2 participants were excluded due to BMI >23.00 (classified as overweight according to Chinese standards; Chen et al., 2004), and 47 were excluded for incomplete daily reports (<50% completion rate). The final sample comprised 65 female students (age range: 17–24 years, M = 19.32, SD = 1.93; BMI range: 18.50–22.90, M = 20.34, SD = 3.05). Eighty five percentage reported middle-class family income (monthly household income: ¥5,000–20,000).

The sample size was determined based on simulations for multilevel mediation models (Zhang et al., 2016), which recommend ≥50 participants with ≥3 repeated measures to detect medium-sized effects (80% power). Post-hoc power analysis via GPower 3.1 (Faul et al., 2007) confirmed 85% power for medium effects with a medium effect size (f2 = 0.15). Our design (N = 65, 5.22 daily entries per person) meets these thresholds.



Instruments
 
Dutch Eating Behavior Questionnaire

The Dutch Eating Behavior Questionnaire (DEBQ) was originally developed by Van Strien et al. (1986). We used the Chinese version revised by Wang (2012). Specifically, the study focused on the Restrained Eating subscale to identify participants who practice restrictive eating. This subscale includes 10 items, such as “How often do you try not to eat at night because you are dieting?” and utilizes a 5-point Likert scale, ranging from 1 (“never”) to 5 (“always”). Scores are calculated by averaging the responses, with higher scores indicating a stronger propensity for restrictive eating behaviors. In this study, the internal consistency coefficient of the restricted eating portion scale was 0.94.



Mindful Attention Awareness Scale

The Mindful Attention Awareness Scale (MAAS) was developed by Brown and Ryan (2003). The Chinese adaptation was validated by Chen et al. (2012). The MAAS features a unidimensional structure with 15 items, such as “I could be experiencing some emotion and not be conscious of it until some time later.” It employs a 6-point Likert scale, where 1 signifies “always” and 6 signifies “never,” with higher scores reflecting greater levels of trait mindfulness. In this study, the MAAS demonstrated an internal consistency coefficient of 0.86.

Additionally, The State Mindful Attention Awareness Scale (MAAS-S) was adapted from the MAAS (Brown and Ryan, 2003). The Chinese version was modified by Chen et al. (2012). The State Mindful Attention Awareness Scale (MAAS-S) was used to measure state mindfulness. This scale is also unidimensional and comprises five items, including “I found it difficult to stay focused on what was happening at the present moment today.” It uses a 6-point Likert scale, similar to the MAAS, where a score of 1 means “always” and a score of 6 means “never.” Higher scores indicate greater state mindfulness. In this research, the MAAS-S showed an internal consistency coefficient of 0.90.



Body Image States Scale

The Body Image States Scale (BISS) was developed by Cash et al. (2002). We used the original English version with Chinese instructions validated in prior studies. This unidimensional scale consists of 6 items, such as “Right now I feel satisfied with my physical appearance,” and uses a 9-point Likert scale. On this scale, 1 represents “very dissatisfied” and 9 represents “very satisfied,” with higher scores indicating greater satisfaction with one's body image. In this study, the BISS achieved an internal consistency coefficient of 0.89.



Restrained Eating Scale

The daily Restrained Eating Scale integrates items from the Eating Attitude Test (Garner et al., 1982) and the Eating Disorder Examination Questionnaire (Fairburn and Beglin, 1994). The Chinese composite version was developed by Wang et al. (2015). It comprises six items, such as “Today, I did not eat even when I was hungry,” and employs a 4-point Likert scale. On this scale, 1 signifies “not at all” and 4 signifies “completely,” with higher scores denoting a greater tendency toward restrictive eating behaviors. In this study, the scale demonstrated an internal consistency coefficient of 0.89. The DEBQ subscale was used for initial screening, while the daily Restrained Eating Scale captured dynamic within-person variations across the daily report period.




Procedure

Initially, the DEBQ questionnaire was randomly distributed among female students at a university, resulting in 415 valid responses. From these, 114 participants were identified as restrictive eaters, defined as those scoring an average of 3 or higher on the Restrained Eating subscale (Wang, 2012). Participants' BMI was calculated using self-reported weight and height (M = 20.34, SD = 3.05), and two participants with a BMI >23.00 were excluded [BMI = weight (kg)/height (m)2]. Subsequently, participants' levels of trait mindfulness were measured using the Mindful Attention Awareness Scale (MAAS).

To effectively capture the dynamic changes in state mindfulness's impact on body image and restrictive eating behaviors, a daily report method was employed. Participants recorded their state mindfulness, body image, and restrictive eating behaviors over six consecutive days, ensuring comprehensive data collection. Participants received daily SMS reminders to submit electronic daily reports via a secure platform. Each diary entry included instructions to report their current state mindfulness, body image, and eating behaviors within the past 24 h.

Out of the 114 participants, 47 did not meet the data quality standards (defined as a diary completion rate below 50%). Of the remaining participants, 57% completed the 6-day questionnaire, and after excluding the two overweight participants, the final sample included 339 questionnaires from 65 female college students (37 participants completed the 6-day questionnaire, six participants completed 5 days, 21 completed 4 days, and one completed 3 days).



Statistical analysis

The statistical analyses were conducted using SPSS 22.0 for inter-individual variables, including trait mindfulness, average state mindfulness, average body image, and average restrictive eating behaviors, by performing Pearson correlation analyses. Additionally, Mplus version 5.21 was used for intra-individual level correlation analyses and to test the multilevel mediation model of mindfulness, body image, and restrictive eating among female college students identified as having restrictive eating patterns (Zhang et al., 2016).




Results


Descriptive statistics

The Intraclass Correlation Coefficient (ICC) signifies the within-group correlation. The lower half of Table 1 presents the daily level correlation coefficients (n = 339), while the upper half contains the inter-individual average level correlation coefficients over 6 days (n = 65).


TABLE 1 Correlations between trait mindfulness, state mindfulness, body image, and restrictive eating.

[image: Data table summarizing mean, standard deviation, intraclass correlation, and intercorrelations for trait mindfulness, state mindfulness, body image, and restrictive eating. Significant correlations are indicated by asterisks, with negative correlations for restrictive eating.]

Table 1 provides the means, standard deviations, ICC, and correlation coefficients for the variables. At the inter-individual level, trait mindfulness was significantly positively correlated with state mindfulness (r = 0.51, p < 0.01) and body image (r = 0.25, p < 0.05); state mindfulness was significantly positively correlated with body image (r = 0.41, p < 0.01); restrictive eating was significantly negatively correlated with trait mindfulness (r = −0.28, p < 0.05), state mindfulness (r = −0.38, p < 0.01), and body image (r = −0.43, p < 0.01). At the intra-individual level, state mindfulness was significantly positively correlated with daily body image (r = 0.20, p < 0.01); daily restrictive eating was significantly negatively correlated with state mindfulness (r = −0.42, p < 0.01) and daily body image (r = −0.30, p < 0.01).

The ICC value for mindfulness was 0.64, indicating that 64% of the variance was attributable to inter-individual differences in trait mindfulness, while 36% was due to intra-individual differences in state mindfulness. This supports the conceptualization of mindfulness as comprising both state and trait components, justifying the use of multilevel structural equation modeling.



Regression analysis results

Table 2 presents the multilevel analysis results of state mindfulness, trait mindfulness, and restrictive eating behaviors. It was found that state mindfulness significantly negatively predicted restrictive eating behaviors at both the inter-individual and intra-individual levels (p < 0.001). At the inter-individual level, trait mindfulness also significantly negatively predicted restrictive eating behaviors.


TABLE 2 Predictive models of restrictive eating by state mindfulness and trait mindfulness.

[image: Statistical results table comparing effects of state and trait mindfulness on restrictive eating, reporting estimates and standard errors for intercept, mindfulness, and residuals at between-person and within-person levels; significant negative associations for mindfulness are indicated with asterisks for both models.]

These findings suggest that higher levels of both trait and state mindfulness are associated with lower tendencies toward restrictive eating behaviors, highlighting the potential of mindfulness interventions in addressing maladaptive eating patterns. The study's multilevel approach offers a comprehensive understanding of how mindfulness can influence body image and eating behaviors, providing valuable insights for developing targeted interventions aimed at improving mental health and wellbeing among female college students.



Multilevel mediation analysis results

Table 3 presents the results of the multilevel mediation model examining how state mindfulness and trait mindfulness influence restrictive eating behaviors through body image.


TABLE 3 A multilevel mediation model of state mindfulness, trait mindfulness, restrictive eating, and body image.

[image: Statistical table compares mediation models with state and trait mindfulness as independent variables predicting restrictive eating, displaying estimates and standard errors for both between-person and within-person effects, including path coefficients, indirect effects, and residuals. Significant within-person results are noted with asterisks indicating levels of statistical significance.]

The multilevel mediation model demonstrated acceptable fit indices: [image: Mathematical notation displaying the chi-squared distribution symbol, chi squared, with twelve degrees of freedom indicated by the subscript twelve in parentheses.] = 24.56, GFI = 0.90, CFI = 0.91, TLI = 0.93, RMSEA = 0.06, SRMR (within) = 0.04, SRMR (between) = 0.08. These indices suggest that the model adequately captured the relationships between variables at both intra- and inter-individual levels (Hu and Bentler, 1999).

When state mindfulness was used as the predictor variable, at the inter-individual level, the path coefficients among state mindfulness, body image, and restrictive eating behaviors were not significant (p > 0.05). However, at the intra-individual level, the path coefficient from state mindfulness to body image (aw) was significant (p < 0.001), and the path coefficient from body image to restrictive eating behaviors (bw) was also significant (p < 0.001). The path coefficient from state mindfulness directly to restrictive eating behaviors (cw) was not significant (p > 0.05), as illustrated in Figure 1.


[image: Path diagram with two panels comparing within-person and between-person analyses. Both depict relationships among state mindfulness, body image, and restrictive eating, with arrows labeled by path coefficients. Within-person panel shows significant paths from state mindfulness to body image (0.21) and body image to restrictive eating (0.31), while the between-person panel displays coefficients of negative 0.12, negative 0.22, and 0.26 among variables. Rectangles and ovals differentiate variable types, and asterisks denote statistical significance.]
FIGURE 1
 Diagram of the multilevel structural equation model for state mindfulness, body image, and restrictive eating. ***p < 0.001.


When trait mindfulness was used as the predictor variable, at the inter-individual level, the path coefficients among trait mindfulness, body image, and restrictive eating behaviors were not significant (p > 0.05), as shown in Figure 2.


[image: Path diagram illustrating within-person and between-person relationships among trait mindfulness, body image, and restrictive eating. Arrows indicate positive and negative associations, with coefficients 0.09, 0.12, 0.16, and -0.03 annotated along the connecting lines.]
FIGURE 2
 Diagram of the multilevel structural equation model for trait mindfulness, body image, and restrictive eating.


These results indicate that at the intra-individual level, state mindfulness can significantly predict restrictive eating behaviors through body image, with body image serving as a full mediator in the relationship between state mindfulness and restrictive eating behaviors. This suggests that fluctuations in an individual's state mindfulness can lead to changes in how they perceive their body image, which in turn influences their eating behaviors. The absence of significant findings at the inter-individual level for both state and trait mindfulness highlights the importance of examining these variables in a dynamic, within-person context to fully understand their impact on eating behaviors.

The findings underscore the potential for interventions targeting state mindfulness to enhance body image perceptions and thereby reduce restrictive eating behaviors in real-time. This approach could be particularly beneficial in developing therapeutic strategies aimed at promoting healthier eating behaviors and improving psychological wellbeing among individuals who experience restrictive eating patterns.




Discussion

This study employed a daily report method to investigate the effects of state and trait mindfulness on restrictive eating behaviors and explored the mediating role of body image. The findings provide novel insights into the relationships between mindfulness, body image, and restrictive eating across both inter- and intra-individual levels.

At the intra-individual level, state mindfulness significantly reduced daily restrictive eating behaviors, with body image serving as a full mediator. This suggests that when individuals experience higher levels of state mindfulness on a given day, they develop a more positive body image, which in turn reduces dietary restrictions. These results align with previous findings that mindfulness enhances body satisfaction and reduces maladaptive eating behaviors (Rodríguez et al., 2014; Kong et al., 2014). In contrast, at the inter-individual level, neither state nor trait mindfulness exerted indirect effects through body image. This discrepancy highlights the situational nature of body image and restrictive eating behaviors, which are prone to daily fluctuations (Cash et al., 2002).

The significant correlations observed between mindfulness, body image, and restrictive eating behaviors are consistent with prior studies (Breines et al., 2014; Kelly and Stephen, 2016). However, our findings differ from Ouwens et al. (2015), who reported a positive relationship between trait mindfulness and restrictive eating among individuals with obesity. This discrepancy may stem from differences in study samples: while overweight individuals may use restrictive eating to limit excessive intake, restrictive eaters within a normal BMI range often limit necessary dietary intake. This highlights the importance of considering sample-specific contexts in future research.

The mechanisms underlying these relationships can be explained by mindfulness's role in enhancing interoceptive awareness. For restrictive eaters, state mindfulness may reduce habitual negative evaluations of body image, facilitating more adaptive eating behaviors. However, unlike general populations, restrictive eaters exhibit attentional and memory biases toward food and body-related cues (Kong et al., 2011). According to cognitive-behavioral theory, altering these maladaptive cognitive patterns is essential for behavioral change. This explains why state mindfulness alone cannot directly reduce restrictive eating but operates through improvements in body image. State mindfulness may enhance interoceptive awareness by reducing cognitive fusion with negative body-related thoughts (Fisher et al., 2022), thereby interrupting the cycle of body dissatisfaction and restrictive eating.

From a practical perspective, these findings underscore the potential of state mindfulness as an intervention target. Compared to trait mindfulness, state mindfulness is more malleable and can be enhanced through mindfulness-based training programs. By fostering an accepting attitude toward body perceptions, state mindfulness can reduce excessive dietary restrictions and promote healthier eating patterns. Additionally, cultivating state mindfulness may facilitate the development of trait mindfulness over time, providing long-term benefits for eating disorder prevention (Hülsheger et al., 2013).

However, the lack of mediation effects at the inter-individual level raises important questions. It is possible that relatively stable traits like mindfulness are less influenced by situational variables such as daily body image or restrictive eating behaviors. Future studies should examine whether other stable personality factors, such as self-esteem, mediate these relationships (Kelly and Stephen, 2016).


Limitations

This study has several limitations. First, the sample was restricted to female students from two universities in Guangxi, China, which may limit generalizability to populations with diverse cultural, socioeconomic, or gender backgrounds. Second, although the sample size met simulation-based guidelines for within-person effects (Zhang et al., 2016), the between-person sample (N = 65) may lack power to detect smaller inter-individual effects, particularly for trait mindfulness. Third, self-reported measures (e.g., dietary behaviors, mindfulness) are susceptible to recall and social desirability biases; future studies should incorporate objective measures (e.g., ecological momentary assessment, physiological biomarkers). Fourth, the exclusion of participants with BMI >23.00 may inadvertently omit individuals with subclinical eating disorders, limiting insights into higher-weight populations. Finally, potential confounding variables (e.g., menstrual cycle phases, academic stress) were not controlled, which could influence daily body image and eating behaviors.




Conclusion

Despite these limitations, this study highlights the nuanced relationship between mindfulness, body image, and restrictive eating. By integrating intra- and inter-individual perspectives through a diary design, we demonstrate that state mindfulness reduces restrictive eating behaviors via improved body image at the within-person level. These findings underscore the potential of real-time mindfulness interventions (e.g., mobile-based mindfulness training) to disrupt the cycle of body dissatisfaction and maladaptive eating patterns among young women. Future research should extend these findings to clinical populations and diverse cultural contexts to advance targeted therapeutic strategies.
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Background: Literature on mindful eating explores both mindful eating behaviour and decision-making for mindful eating jointly, which may not necessarily reflect the accurate nature of what mindful eating truly represents. The present research conducted three studies to explore the relationship between BMI, mindful eating behaviour, decision-making for mindful eating, and self-compassion.
Method and results: Using 150 participants, Study 1 examined the correlations between the Mindful Eating Behaviour Scale (MEBS), the Sussex-Oxford Compassion for Self-Scale (SOCS), and their subscales with BMI. Significant positive associations were found between BMI and focused eating, as well as focused eating and hunger and satiety (MEBS subscales) and various facets of self-compassion, but the findings were conflicting, suggested by several measurement limitations. Study 2 aimed to address limitations in the measurement of mindful eating by investigating its association with self-compassion using an alternative scale, the Mindful Eating Behaviour Scale-Trait (MEBS-T) using 152 participants. The findings suggested only BMI was negatively associated with recognising suffering and tolerating uncomfortable feelings (SOCS subscales), but no other significant relationships were found. Study 3 further explored the interplay between self-compassion and mindful eating with 235 participants, utilising the MEBS-T and the original Self-Compassion Scale (SCS), revealing significant positive relationships between sensory attention and non-judgemental awareness (MEBS-T subscales) with common humanity, and mindfulness (alongside non-judgemental awareness and self-kindness), and significant negative relationships between sensory attention and isolation, and non-judgemental awareness and isolation and over-identification.
Conclusion: These findings indicate that associations between mindful eating and self-compassion exist, and specific components of mindful eating, particularly sensory attention and non-judgemental awareness, may play a critical role in fostering a compassionate relationship with oneself—which, for example, in a context of emotional eating and obesity-related stigma propose clear future directions for research and practice but as described in the original Self-Compassion Scale. A critical interpretation of the combined impact and underlying mechanisms in promoting positive eating behaviour change is discussed.
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 mindfulness; mindful eating; self-compassion; self-compassion scales; mindful eating scales


Introduction

Traditionally, mindful eating is defined as enhancing a healthier relationship with food, whereby individuals eating mindfully are aware of what they are eating moment by moment, overcoming automatic and impulsive reactions around food (e.g., Kristeller, 2015). As such, mindful eating has been used to promote healthier eating behaviours and treat obesity. For example, over the last decade, research has found promoting mindful eating can lead to weight loss, reduced intake of high energy-dense foods, increased diet-related self-efficacy, and decreased maladaptive eating behaviours (e.g., Allirot et al., 2018; Dalen et al., 2010; Hussain et al., 2021a; Hussain et al., 2021b; Timmerman and Brown, 2012). Nonetheless, the definition of mindful eating has been lately subjected to scrutiny, with Mantzios (2021) suggesting that defining mindful eating as a subjective process does not always reflect what mindful eating truly embodies when considered as an all-inclusive mindfulness practice (see Mantzios, 2021 for a review).

Sensory experiences and non-judgement are two components that appear to be central features of mindful eating when seen as behaviour (see Mantzios, 2021 for a summary of features derived from theories and practices). Sensory experiences involve the smell, taste and texture of foods. By focusing on one or more sensory experiences during eating, individuals become fully immersed in the process and more aware of any thoughts and feelings that arise, even if they are unrelated to the sensory experience. They can then respond non-judgementally by redirecting their attention to the sensory aspects of eating, thereby creating a cycle of sustained attention. (Hussein et al., 2017; Kristeller and Epel, 2014; Mantzios, 2023a). Non-judgement is also effective in addressing emotionally related eating behaviours, where emotional regulation is propagated each time attention is redirected to sensory aspects of the eating experience (Barbosa et al., 2020; Dutt et al., 2019; Hussain et al., 2021b). Therefore, the non-judgemental process is what allows one to reiterate the attentional focus to the experience of eating (Mantzios, 2023a).

Hunger and satiety, however, cannot be observed in a similar non-judgemental manner (Mantzios, 2021, 2023a). For example, when one is evaluating or assessing their hunger and satiety, they respond by deciding when to stop food intake, and this can create a conflicting feedback loop in the capability of maintaining a non-judgemental stance (Mantzios, 2023a). Mantzios (2023a) argued that mindful eating behaviour itself defines the true nature of eating behaviour. In contrast, decision-making for mindful eating governs the decisions related to eating, such as evaluating hunger and satiety (or emotional hunger), managing external factors like eating without distractions, and considering serving sizes (Chandon and Wansink, 2011; da Mata Gonçalves et al., 2019). However, these decision-making processes may not accurately reflect the essence of mindful eating, as in mindfulness practices the decision of where and why to meditate does not reflect the nature of the practice. Therefore, distinguishing between mindful eating behaviour and the decision-making process for mindful eating could simplify the field and enhance applied research (Mantzios, 2023b). The mindful eating behaviour scale (Winkens et al., 2018) is a tool that appears to measure both mindful eating behaviour (e.g., focused eating and attentiveness) and decision-making (e.g., hunger and satiety and distraction), which empirically provides an opportunity to explore these separate domains to build on previous theoretical frameworks (Mantzios, 2021, 2023a, 2023b) and interrelations to mindfulness-based constructs, such as self-compassion.

To promote healthier eating behaviours, previous research has focused on the relationship between mindful eating and self-compassion, with self-compassion being conceptualised as a cognitive, affective and behavioural process consisting of five key features: recognising suffering, understanding the universality of suffering in human experience, feeling for the person suffering, tolerating uncomfortable feelings, and acting or being motivated to act to alleviate suffering (Gu et al., 2020; Strauss et al., 2016; see also Neff, 2003). Self-compassion is suggested to support individuals in engaging in healthier eating behaviours as a way of caring for their bodies, acting as a buffer against psychological risk factors associated with unhealthy eating behaviours (e.g., anxiety and stress), as well as minimising body shame and dissatisfaction (Albertson et al., 2015; Berry et al., 2010; Brenton-Peters et al., 2021; Egan and Mantzios, 2018; Hussain et al., 2022; Kelly and Stephen, 2016; Neff, 2003; Rahimi-Ardabili et al., 2018). Previous research implies a complimentary link between mindful eating and self-compassion in enhancing weight loss and promoting healthier eating behaviours in empirical research (Hussein et al., 2017; Shaw and Cassidy, 2020; Shaw and Cassidy, 2022).

Nonetheless, past literature on mindful eating has often failed to assess both mindful eating behaviour and decision-making for mindful eating together. This omission may lead to an inaccurate representation of what mindful eating truly entails, as noted by some researchers (e.g., Mantzios, 2021), but still offers insight for the development of future interventions and potential associations between mindful eating and self-compassion. The first study aimed to provide a novel exploration into the relationship between mindful eating behaviours (i.e., focused eating and attentiveness) and decision-making for mindful eating (i.e., hunger and satiety and distraction) as separate domains with self-compassion.



Study 1


Method


Participants

To detect a medium effect size of 0.03, with an alpha of 0.05 and power of 0.95, a minimum of 115 participants were required (this also applies to Study 1 and Study 2). A larger sample size was aimed to account for any participant attrition from failure to complete the study (this also applies to Study 2 and Study 3). One hundred and fifty-nine participants were recruited using opportunity sampling via social media platforms (Facebook and X), and the Research Participation Scheme (RPS) at a West Midlands University. Participants recruited via RPS were awarded two-course credits for their participation, whilst those recruited via social media were not compensated. Due to incomplete data, the final sample consisted of 150 participants, with 131 females and 19 males. Participants reported an average age of 24.55 (SD = 8.56), and a mean BMI of 25.73 (SD = 5.11).


Eligibility

Due to the nature of the study, participants were informed via an information sheet and consent form that they were not eligible to participate if they had been diagnosed with an eating disorder, and were also advised not to participate if they felt uncomfortable around the topic of eating behaviours.





Materials


Demographics

Participants were requested to report their gender and age. To calculate BMI, participants also reported their height and weight; with the following formula being used: weight in kg/height in m2.



Mindful eating behaviour scale (MEBS)

The MEBS is a self-report scale assessing four subscales: (1) focused hunger, (2) hunger and satiety cues (3) eating with awareness, and (4) eating without distraction (Winkens et al., 2018). The scale consists of 17 items, with example items such as “I notice flavours and textures when I’m eating my food” and “I eat automatically without being aware of what I eat.” Responses range from 1 (never) to 5 (very often), with higher scores suggesting greater levels of mindful eating. The scale has been validated in English and Arabic (Fekih-Romdhane et al., 2023; Mantzios et al., 2022). The present study produced alphas of α = 0.88 (focused hunger), α = 0.88 (hunger and satiety cues), α = 0.91 (eating with awareness), and α = 0.75 (eating without distraction).



Sussex-Oxford compassion for the self-scale (SOCS)

The SOCS is a self-report scale consisting of five subscales: (1) recognizing suffering, (2) understanding the universality of suffering, (3) feeling for the person suffering, (4) tolerating uncomfortable feelings, and (5) motivation to act/acting to alleviate suffering (Gu et al., 2020). The scale contains 20 items, with responses ranging from 1 (not at all true) to 5 (always true), with higher scores suggesting greater self-compassion. Example items of the scale include “I’m good at recognising when I’m feeling distressed” and “When I’m upset, I do my best to take care of myself.” The scale has been validated in several languages, such as Korean, Swedish and German (Brophy et al., 2024; Kim and Seo, 2021; Sarling et al., 2024). The present study produced alphas of α = 0.83 (recognising suffering), α = 0.91 (understanding the universality of suffering), α = 0.89 (feeling for the person suffering), α = 0.84 (tolerating uncomfortable feelings), and α = 0.90 (motivation to act/acting to alleviate suffering).




Procedure

Potential participants responded to online advertisements on Facebook, X and RPS, and were directed via a link to the participant information sheet. Those who wished to participate were then directed to a consent form. Upon providing informed consent, participants were presented with the demographic form and the questionnaires, taking approximately 10 min to complete. Once the study was complete, participants were presented with a debriefing sheet, highlighting the purpose of the study, as well as the researcher’s contact details. Ethical approval was granted by the University’s Research Ethics Committee.




Results

The assumptions for Pearson correlation coefficient of normality, linearity and homoscedasticity were met. Bivariate inter-correlations between BMI, mindful eating, and self-compassion are presented in Table 1. Findings suggest there is a small significant and positive relationship between focused eating and BMI (r = 0.166, p = 0.043) and recognising (r = 0.260, p = 0.001), as well as a moderate significant and positive relationship with understanding (r = 0.349, p < 0.001). A small significant and positive relationship is displayed between hunger and satiety and recognising (r = 0.166, p = 0.043), feeling (r = 0.234, p = 0.004), and tolerating (r = 0.227, p = 0.005). There is also a small significant and positive relationship between awareness and understanding (r = 0.279, p < 0.001). Due to the differences in age ranges across the three studies, partial correlations on the above variables were also run to control for age. The results found all associations between variables were similar, except the relationship between focused eating and BMI became non-significant. The partial correlation coefficient table can be found in the supplementary materials.


TABLE 1 Bivariate correlations between BMI, MEBS, and SOCS.


	
	1
	2
	3
	4
	5
	6
	7
	8
	9

 

 	1. BMI 	 	 	 	 	 	 	 	 	


 	2. Focused
1
 	0.166* 	 	 	 	 	 	 	 	


 	3. Hunger and Satiety
1
 	−0.001 	0.154 	 	 	 	 	 	 	


 	4. Awareness
1
 	0.080 	0.330** 	0.308** 	 	 	 	 	 	


 	5. Distraction
1
 	−0.023 	0.162* 	0.165* 	0.331** 	 	 	 	 	


 	6. Recognising
2a
 	0.028 	0.260** 	0.166* 	0.155 	0.042 	 	 	 	


 	7. Understanding
2b
 	0.085 	0.349** 	0.106 	0.279** 	−0.007 	0.444** 	 	 	


 	8. Feeling
2c
 	−0.107 	0.062 	0.234** 	0.009 	−0.004 	0.499** 	0.197* 	 	


 	9. Tolerating
2d
 	−0.115 	0.087 	0.227** 	−0.015 	0.052 	0.485** 	0.194* 	0.860** 	


 	10. Acting
2e
 	−0.108 	0.143 	0.155 	−0.074 	−0.057 	0.318** 	0.195* 	0.434** 	0.338**





*Correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level.

1 (Winkens et al., 2018) Subscales of the mindful eating behaviour scale;

2 (Gu et al., 2020) Subscales of the sussex oxford compassion for the Self;

2a Recognizing suffering;

2b Understanding the universality of suffering;

2c Feeling for the person suffering;

2d Tolerating uncomfortable feelings;

2e Motivation to act/acting to alleviate suffering.
 



Discussion

These findings contribute partially to our understanding of the complex relationship between BMI, mindful eating, and self-compassion, highlighting the importance of further research to explore these associations in greater depth. Findings indicated that focused eating was positively associated with BMI, as well as with recognizing suffering and understanding the universality of suffering. Additionally, awareness, a component of mindful eating behaviour, showed a positive correlation with understanding the universality of suffering. Decision-making in mindful eating was also explored with self-compassion, revealing that hunger and satiety were positively related to recognizing suffering, empathizing with the suffering of others, and tolerating uncomfortable feelings. The relationships between the four mindful eating subscales and various aspects of the self-compassion scale pose challenges in terms of clarity, coherence, and depth of understanding, making it difficult to articulate these intricacies in a logical manner that paves the way for future research and the implementation of effective practices. As such, future research could consider examining the Mindful Eating Behaviour Scale-Trait (MEBS-T; Mantzios, 2023b) to enhance our understanding of how self-compassion may complement the impact of mindful eating, and vice versa.


Study 2

Study 2 aimed to address the limitations of the scale developed by Winkens et al. (2018) by investigating its potential association with self-compassion using an alternative scale that measures mindful eating behaviour, and not decision-making for mindful eating. Mantzios (2021) defined Mindful Eating Behaviour (MEB) as “the sustained attention to a sensory element of the eating experience (e.g., the taste) and a non-judgemental (or non-evaluative) awareness of thoughts and feelings that are incongruent to the sensory elements of the present eating experience” (p. 369). This definition provides a more robust and precise foundation for research, rooted in empirical evidence and the principles of secular mindfulness. Mindfulness is commonly understood as an awareness that arises from (a) deliberately focusing on the present moment, with (b) a non-judgemental attitude (Kabat-Zinn, 1990). A non-judgemental attitude facilitates attentional self-regulation in mindfulness practices (Bishop et al., 2004; Shapiro et al., 2006), a principle similarly applicable to mindful eating practices where non-judgemental awareness enables “the self-regulation of sensory attention whilst eating” (Mantzios, 2024, p. 2). Furthermore, Mantzios (2023b) introduced the Mindful Eating Behaviour Scale-Trait (MEBS-T) and associated practices, which are congruent with theories of both mindfulness and mindful eating. The MEBS-T has two subscales assessing sensory attention and non-judgemental awareness, aligning with principles found in both mindfulness and mindful eating literature (Mantzios, 2023b). The aim of Study 2, utilising a scale that was developed to be more aligned to mindfulness practice would shed light into the potential association between the MEBS-T and self-compassion.




Method


Participants

Participants were recruited via the Prolific (an online platform for participant recruitment), and were compensated £6.60/ph. The sample included 153 participants; however, one participant was removed as their BMI was under 16.5 kg/m2 which is severely underweight (Weir and Jan, 2023) and raises concerns of potential eating disorders. The final sample consisted of 111 females and 41 males, with an average age of 39.69 (SD = 13.60), and a mean BMI of 26.36 (SD = 5.70). For eligibility, please see Study 1.



Materials


Demographics and Sussex-Oxford compassion for the self-scale (SOCS)

For demographic questions and SOCS, please see Study 1 (Gu et al., 2020). For SOCS, the present study produced alphas of recognizing suffering α = 0.81, understanding the universality of suffering α = 0.82, feeling for the person suffering α = 0.84, tolerating uncomfortable feelings α = 0.75, and motivation to act/acting to alleviate suffering α = 0.89.



Mindful eating behaviour scale-trait (MEBS-T)

The MEBS-T is a self-report scale assessing two subscales: (1) sensory attention and (2) non-judgemental awareness (Mantzios, 2023b). The scale consists of 10 items, with example items such as “I focus on what I am eating” and “When I am eating, I overcome unrelated thoughts and/or feelings by focusing on the food and the sensation of eating.” Responses range from 1 (strongly disagree) to 4 (strongly agree) with higher scores suggesting greater levels of mindful eating. The present study produced alphas of α = 0.82 (sensory attention) and α = 0.82 (non-judgemental awareness).




Procedure

Potential participants responded to online advertisements on Prolific, and the following procedure follows Study 1.




Results

The assumptions for Pearson correlation coefficient of normality, linearity and homoscedasticity were met. Bivariate inter-correlations between BMI, mindful eating behaviour scale-trait, and Sussex Oxford compassion for self-scale are presented in Table 2. Findings suggest there is a small significant and negative relationship between BMI and recognising (r = −0.267, p < 0.001) and feeling (r = −0.190, p = 0.019). The remaining relationships were non-significant. Due to the differences in age ranges across the three studies, partial correlations on the above variables were also run to control for age. The results found all associations between variables were similar, except the relationship between BMI and motivation to act or acting to alleviate suffering became significant and negative (r = −0.183, p = 0.024). The partial correlation coefficient table can be found in the supplementary materials.


TABLE 2 Bivariate correlations between BMI, MEB-T, and SOCS.


	
	1
	2
	3
	4
	5
	6
	7

 

 	1. BMI 	 	 	 	 	 	 	


 	2. SA
1a
 	−0.102 	 	 	 	 	 	


 	3. NJA
1b
 	−0.010 	0.372** 	 	 	 	 	


 	4. Recognising
2a
 	−0.267** 	0.155 	−0.030 	 	 	 	


 	5. Understanding
2b
 	−0.067 	0.088 	−0.136 	0.396** 	 	 	


 	6. Feeling
2c
 	−0.190* 	0.066 	0.142 	0.346** 	0.199* 	 	


 	7. Tolerating
2d
 	−0.086 	0.028 	0.035 	0.341** 	0.164* 	0.751** 	


 	8. Acting
2e
 	−0.156 	0.037 	0.101 	0.357** 	0.175* 	0.824** 	0.736**





*Correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level.

1 (Mantzios, 2023b) Subscales of the mindful eating behaviour scale - trait;

1a Sensory attention;

1b Non-judgmental awareness;

2 (Gu et al., 2020) Subscales of the sussex oxford compassion for the self;

2a Recognizing suffering;

2b Understanding the universality of suffering;

2c Feeling for the person suffering;

2d Tolerating uncomfortable feelings;

2e Motivation to act/acting to alleviate suffering.
 



Discussion

This study investigated the connections between BMI, the Mindful Eating Behaviour Scale-Trait (MEBS-T), and the Sussex Oxford Compassion for Self-Scale (SOCS), as shown in Table 2. One notable finding was a small negative relationship between BMI and recognising and feeling which pertains to self-compassion. However, no significant relationships were observed between the MEBS-T, and the SOCS.

Whilst Study 2 aimed to shed light on the relationship between mindful eating and self-compassion following Study 1, it did not significantly contribute to our understanding of how these mindfulness-based constructs are related to each other, and with no indications of compatibility for future research and interventions. Further inquiry is necessary to comprehensively clarify the connection between mindful eating behaviour and self-compassion. Previous research has suggested a positive relationship between mindful eating, as measured by various scales and conceptualizations, and self-compassion. However, it is noteworthy that this relationship has been observed with the original self-compassion scale, and at times, without consistency across data and subscales (e.g., Hussain et al., 2022; Kalika et al., 2023; Keyte et al., 2022; Mantzios et al., 2018; Regan et al., 2023). Further research could consider examining the original self-compassion scale (SCS; Neff, 2003) alongside the MEBS-T (Mantzios, 2023b), to enhance our understanding of how self-compassion and mindful eating may complement each other and impact health outcomes and positive behaviour change.


Study 3

Exploring the interplay between self-compassion and mindful eating holds promise for enhancing our comprehension of how these constructs intersect and influence health outcomes and eating behaviours. Mantzios and Wilson (2015) have posited that the relationship between self-compassion and mindful eating may yield beneficial effects, particularly regarding emotion regulation within interventions. To deepen this understanding, Study 3 examined the original Self-Compassion Scale (SCS) Neff (2003) alongside the Mindful Eating Behaviour Scale-Trait (MEBS-T; Mantzios, 2023b). This comparative approach has the potential to illuminate the nuanced dynamics between self-compassion and mindful eating, shedding light on their combined impact on individuals’ well-being and dietary practices in future research.




Method


Participants

Participants were recruited using opportunity sampling via social media platforms (Facebook and X), the Research Participation Scheme (RPS) at a West Midlands University, and Prolific (compensation £6.60 ph) resulting in a higher sample size. The sample included 238 participants; however, two participants were removed as their BMI was under 16.5 kg/m2 which is severely underweight (Weir and Jan, 2023) and raises concerns of potential eating disorders, and another participant was removed due to an inaccurate BMI value. The final sample consisted of121 males, 109 females, and five who did not disclose, with an average age of 29.56 (SD = 9.76), and a mean BMI of 25.23 (SD = 4.91). For eligibility, see Study 1.



Materials


Demographics and mindful eating behaviour scale-trait (MEBS-T)

For demographic questions and MEBS-T, please see Study 1 and Study 2 (Mantzios, 2023b). For MEBS-T study 3 produced alpha’s of α = 0.82 (sensory attention) and α = 0.85 (non-judgemental awareness).



Self-compassion scale (SCS)

The SCS is a 26 self-report item assessing six subscales: (1) self-kindness vs. (2) self-judgement, (3) common humanity vs. (4) isolation, (5) mindfulness vs. (6) overidentification (Neff, 2003). Sample items include “I try to be loving towards myself when I’m feeling emotional pain” and “When I think about my inadequacies, it tends to make me feel more separate and cut off from the rest of the world.” Scores range from 1 (almost never) to 5 (almost always), with higher scores suggesting higher levels of self-compassion. The scale has been validated in several languages, such as Italian, Japanese, and Portuguese (Arimitsu, 2016; Bento et al., 2016; Petrocchi et al., 2014). The present study produced alphas of α = 0.84 (self-kindness), α = 0.76 (self-judgement), α = 0.73 (common humanity), α = 0.77 (isolation), α = 0.77 (mindfulness), and α = 0.75 (overidentification).




Procedure

Potential participants responded to online advertisements on Facebook, X, RPS, and Prolific, and the following procedure follows Study 1.




Results

The assumptions for Pearson correlation coefficient of normality, linearity and homoscedasticity were met. Bivariate inter-correlations between BMI, mindful eating behaviour scale-trait, and self-compassion scale are presented in Table 2. Findings suggest there is a small significant and negative relationship between BMI and overidentification (r = 0.137, p = 0.036). A small significant and positive relationship between sensory attention and common humanity (r = 0.182, p = 0.005), and mindfulness (r = 0.153, p = 0.019), and a small and negative relationship between sensory attention and isolation (r = −0.196, p = 0.003). There is also a small significant and positive relationship between non-judgemental awareness and self-kindness (r = 0.209, p = 0.001), common humanity (r = 0.155, p = 0.017), and mindfulness (r = 0.137, p = 0.035), as well as a negative relationship between non-judgemental awareness and isolation (r = −0.148, p = 0.023) and overidentification (r = −0.142, p = 0.029). Due to the differences in age ranges across the three studies, partial correlations on the above variables were also run to control for age. The results found all associations between variables were similar, except the relationship between sensory attention and self-kindness became positive and significant (r = 0.142, p = 0.031), whilst the relationship became slightly non-significant between non-judgement awareness and isolation (r = −0.128, p = 0.053) and overidentification (r = −0.125, p = 0.057). The partial correlation coefficient table can be found in the supplementary materials.



Discussion

The findings from Study 3 using BMI, the Mindful Eating Behaviour Scale-Trait (MEBS-T; Mantzios, 2023b) and the Self-Compassion Scale (SCS; Neff, 2003) suggest a negative relationship between BMI and overidentification, with both sensory attention and non-judgemental awareness being positively associated with common humanity and mindfulness, and negatively associated with isolation. Additionally, non-judgemental awareness was also found to be positively related to self-kindness and negatively related to overidentification. The findings from this study align with previous literature on the relationship between mindful eating and self-compassion (Hussain et al., 2022; Kalika et al., 2023; Keyte et al., 2022; Mantzios et al., 2018; Regan et al., 2023), and provide some further clarity on the interrelation between mindful eating and self-compassion (see Table 3).


TABLE 3 Bivariate correlations between BMI, MEB-T, and SCS.


	
	1
	2
	3
	4
	5
	6
	7
	8

 

 	1. BMI 	 	 	 	 	 	 	 	


 	2. SA
1a
 	−0.024 	 	 	 	 	 	 	


 	3. NJA
1b
 	0.035 	0.235** 	 	 	 	 	 	


 	4. Self-kindness2 	−0.018 	0.127 	0.209** 	 	 	 	 	


 	5. Self-judgement2 	−0.091 	−0.108 	−0.103 	0.493** 	 	 	 	


 	6. Common humanity2 	−0.041 	0.182** 	0.155* 	0.583** 	0.298** 	 	 	


 	7. Isolation2 	−0.057 	−0.196** 	−0.148* 	0.347** 	0.669** 	0.227** 	 	


 	8. Mindfulness2 	−0.025 	0.153* 	0.137* 	0.701** 	0.326** 	0.528** 	0.288** 	


 	9. Overidentification2 	−0.137* 	−0.118 	−0.142* 	0.348** 	0.684** 	0.236** 	0.729** 	0.379**





*Correlation is significant at the 0.05 level, **correlation is significant at the 0.01 level.

1 (Mantzios, 2023b) Subscales of the mindful eating behaviour scale-trait;

1a Sensory attention;

1b Non-judgmental awareness;

2 (Neff, 2003) Subscales of the self-compassion scale.
 


General discussion

Across three studies, the relationship between BMI, mindful eating and self-compassion was explored. These studies collectively provide insights into how mindful eating and self-compassion are related to BMI and each other, and will be reviewed next.

In Study 1, the Mindful Eating Behaviour Scale (MEBS; Winkens et al., 2018) was used to explore two distinct domains: (1) mindful eating behaviour (e.g., focused eating and awareness) and (2) decision-making related to eating (e.g., hunger, satiety, and distraction). This was examined in conjunction with the Sussex-Oxford Compassion for the Self Scale (SOCS; Gu et al., 2020) and BMI. The findings suggested that mindful eating behaviour (a) focused eating was positively associated with BMI, recognising suffering, and understanding the universality of suffering, and (b) awareness was also positively associated with understanding the universality of suffering. For decision-making the findings proposed that (a) hunger and satiety was positively associated with recognising suffering, feeling for the person suffering, and tolerating uncomfortable feelings. Findings from Study 1 make interpretations for behavioural implications unclear due to the inconsistency in outcomes between mindful eating, decision-making and self-compassion. In Study 2, BMI, mindful eating, and self-compassion were explored using the Mindful Eating Behaviour Scale-Trait (MEBS-T; Mantzios, 2023b) focusing only on mindful eating behaviour using (1) sensory attention and (2) non-judgemental awareness with SOCS (Gu et al., 2020). The findings suggested only BMI was negatively associated with recognising and feeling from self-compassion, and no other significant relationships were found. In Study 3, BMI, mindful eating, and self-compassion were explored using MEBS-T (Mantzios, 2023b) and the original Self-Compassion Scale (SCS; Neff, 2003). The findings suggested that BMI and overidentification were negatively associated, whilst both sensory attention and non-judgemental awareness were positively associated with common humanity and mindfulness, and negatively associated with isolation. Moreover, non-judgemental awareness was also positively associated with self-kindness and negatively associated with overidentification. The findings from study 3 indicate that the relationship between mindful eating components of sensory attention and non-judgemental awareness with self-compassion is clear and consistent, which may in turn be translated into healthier eating behaviours. For example, research on both mindful eating and self-compassion has been found to be negatively associated with BMI, disordered eating symptomatology, fat and sugar consumption, and emotional eating (Mantzios et al., 2018; Taylor et al., 2015; Shaw and Cassidy, 2022).

The findings from Study 1 suggest that the decision-making component for mindful eating does not have a clear relationship to self-compassion. Previous versions of mindful eating scales, based on the early definitions of mindful eating that attempted to incorporate decision-making items in their measurements (Winkens et al., 2018) posed a risk of minimising the contribution of mindful eating, and more so of mindful eating behaviour. Furthermore, research on hunger and satiety has supported the idea that when one eats in response to their hunger cues, it can significantly reduce their caloric intake and promote healthier eating behaviours (Amin and Mercer, 2016; Ciampolini et al., 2013; Fukkoshi et al., 2015). Similarly, eating whilst distracted (e.g., using a smartphone, watching television, or engaging in a social context) can increase caloric intake (Blass et al., 2006; da Mata Gonçalves et al., 2019; La Marra et al., 2020). Therefore, it is reasonable to question whether including hunger, satiety, and distraction accurately measures mindful eating. These factors may inflate positive outcomes observed in other literature whilst neglecting the foundational elements that make eating mindful in the first place. Whilst awareness of one’s internal states of hunger and satiety may facilitate emotion-regulation through responding supportively, the behavioural implications are questionable when items do not purely reflect physiological hunger and satiety, but rather a belief or attitude (e.g., “I trust my body to tell me how much to eat”). The current research supports notions that separating mindful eating behaviour from decision-making for mindful eating may provide clarity in its association to other constructs, and in this case, with self-compassion. Ideally, mindful eating behaviour should encompass both sensory attention and non-judgement (as in the MEBS-T), and not just attentive eating (as in Winkens et al., 2018). If we, as researchers, are to assume that mindful eating is a derivative of secular mindfulness (Mantzios, 2023b), then the relationship to self-compassion should be unidimensional and consistent on all fronts, as demonstrated in Study 3.

Beyond mindful eating, the cooperative effects of combining mindful eating with self-compassion for positive behaviour change underscore the necessity of critically identifying and incorporating self-compassion that has a theory matching to measurement tools, and both interconnected to interventions. This aligns with Neff’s theoretical foundations and practical applications of self-compassion (Neff, 2003; Neff, 2003). Whilst elements such as “tolerating uncomfortable feelings,” as captured by the Sussex-Oxford Compassion for the Self Scale, may offer insights into emotion regulation (Gu et al., 2020), they fall short of providing a consistent, actionable framework for measuring, cultivating, and embodying a compassionate stance towards oneself, as demonstrated in Study 2. In other words, what is being measured in scales needs to translate into applied and actionable implications, and this critical point will enable the translation of self-compassion into effective practices and interventions.

Practical implications include behavioural interventions beyond direct links that have been previously explored. For example, an indirect link between mindful eating and internalised weight stigma may be explained through self-compassion (Fekete et al., 2021). A similar original implication for behavioural change could be the relationship to emotional eating, and how mindful eating indirectly influences eating in response to emotions through self-compassion (e.g., Zhang et al., 2021). For the first time, the appropriate tools create a momentum to explore behavioural (i.e., mindful eating) and emotional (i.e., self-compassion) paradigms of change, proposing clear pathways through which one may influence healthy eating: mindful eating via behavioural regulation, and self-compassion via emotion regulation.

A limitation of the present research that should be considered is that across the three studies, only a cross-sectional approach was employed. The cross-sectional nature of the present studies precludes conclusions along casual lines. Future research should utilise longitudinal experimental designs to explore the relationship between BMI, mindful eating, and self-compassion using MEBS-T and SCS with an intention to promote mindful eating and self-compassion. Furthermore, the present studies were conducted separately with participants varying across the three studies, future research could explore the current findings using the above scales on the same group of participants to consider individual differences. For example, controlling for age led to some slight differences in the relationship between BMI, mindful eating and self-compassion across the three studies, future research should use a diverse age group across one large study to gain a more thorough understanding on the role of age between BMI, mindful eating and self-compassion Additionally, the gender distribution across the first two studies was unequal, which may have had a potential influence on the current findings. For example, research has found mindful eating and self-compassion to differ between genders, with males scoring higher than females (Putri et al., 2024; Yarnell et al., 2015). Moreover, the present studies did not collect any information on educational or socio-economic background of the participants, which may also have had a potential influence of the current findings, as some research suggests socio-economic status may have a negative association with self-compassion (Parihar et al., 2024), whilst higher education could be associated with greater self-compassion (Bluth et al., 2020). Given these findings, future research should aim for a more equal gender distribution sample, and the inclusion of diverse demographic information. Importantly, the current studies used BMI as a biometric variable; however, given the ongoing discussions on the limitations of BMI as a health indicator (e.g., Wu et al., 2024), such as assessing excess fat, and differences in body build and ethnicity, future research should consider using alternative measures, such as body composition to allow for a more inclusive measure.

To conclude, this research involved three studies examining the relationships between BMI, mindful eating, and self-compassion using various psychometric tools. Study 1 faced challenges in clarifying the connections between mindful eating behaviour and decision-making components using MEBS and the SOCS. Consequently, Study 2 explored the MEBS-T with SOCS, but did not reveal significant insights into how mindful eating behaviour and self-compassion are related. Study 3 utilised the original Self-Compassion Scale (SCS), and found that sensory attention and non-judgemental awareness were positively associated with the positive aspects of self-compassion and negatively associated with the negative aspects. Future research should consider using both the MEBS-T and the original SCS to better understand how self-compassion interacts with mindful eating and to develop more effective practices that are aligned with mindfulness-based constructs and interventions for positive eating behaviour change.
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Past research has emphasised the potential of gratitude in reducing food waste by prompting behavioral changes. A critical question, however, remains: can individuals experience gratitude without being attentive to the food they consume, and what are the implications for food waste? The present study investigated how gratitude influences motivations for food waste avoidance, and examined the moderating role of mindful eating as an agent of attentiveness. One hundred and sixty-nine UK adults completed self-report measures on mindful eating behavior, gratitude and food avoidance motives, and the results showed positive correlations between gratitude and moral and financial motivations to avoid food waste, as well as between mindful eating behavior and all motivations to avoid food waste. A moderation analysis showed that overall mindful eating behavior did not significantly moderate the relationship between gratitude and motivations to avoid food waste. Findings highlight the important associations between psychological and behavioral resources (i.e., gratitude and mindful eating) and the formation of motivations related to sustainable food practices. Implications for future research are discussed.
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Introduction

Urgent action is required to discover innovative solutions for food waste avoidance. Food waste poses significant challenges across social and economic domains globally, as research estimates that between 30% and 50% of food is disposed of in landfills, releasing harmful carbon dioxide and methane gases into the atmosphere (FAO, 2011; Stuart, 2009; Papargyropoulou et al., 2014; Yvon-Durocher et al., 2014). Additionally, the economic impact of food waste was estimated globally with an annual value of 1 trillion US dollars; an impact that is felt in nations like the United Kingdom with a 6-million-ton loss per year (Patel et al., 2021). Existing research predominantly focuses on cognitive information and consumer behavior, but interpersonal emotions, such as gratitude, have recently become a method of empowering individuals with a potential resource to mitigate food waste.

Gratitude is described as a sentiment of appreciation elicited by an experience that brings benefit, yet is not directly attributable to oneself (Emmons and McCullough, 2004), and is closely aligned to a “barometer” of action, motivation and reinforcement of moral conduct (McCullough et al., 2001). There are several research examples showing that gratitude fosters a sense of responsibility for sustainability (Liang and Guo, 2021; Kates and DeSteno, 2021; Tam, 2022), collectively highlighting how gratitude shapes both individual and collective behavior change. Recent research also explored the importance of campaigns, social marketing and education efforts to reduce food waste (Pearson and Perera, 2018; Reynolds et al., 2019; Stöckli et al., 2018), but Septianto et al. (2020) remains the only research example that links food waste reduction and gratitude, while other research signals short-lived implications for behavior change in food waste reduction (Zamri et al., 2020). To provide insights into an interpersonal emotion for behavior change, rather than strategies for campaigns or social marketing interventions, the present research expands on existing limited research on gratitude.

Yet, prior to behavior change, motivating individuals to avoid food waste may be of greater significance, and has only been a recent development in the field of food waste as an important driver of behavior change. Ribbers et al. (2023), interested in how consumers can be motivated to reduce waste, developed a Motivation to Avoid Food Waste scale (MAFW), capturing four primary motivations: environmental, moral, financial, and social. Ribbers et al. (2024) in later research further emphasised the significance of moral motivations in reducing household food waste, while Canova et al. (2024) found attitudes, norms, and perceived control predict food waste avoidance intentions, which in turn, drive behavior change. Collectively, such studies provide a multifaceted understanding of food waste dynamics, offering critical insights for further research and clarity on gratitude and its potential impact.

Beyond gratitude, eating behavior itself may be a significant component of fostering more sustainable behavior with food. Individuals often eat automatically and without conscious thought (Cohen and Farley, 2008; Peters, 2009), which automatically suggests a lower likelihood of appreciating (or being grateful of) the food, and consequently, being less inclined to preserve it for later. This lack of attention and awareness may reduce the enjoyment of food and weaken the potential link between gratitude and food waste avoidance. This is where mindful eating becomes a relevant construct. Mindful eating is a method employed within the field of health psychology, aims to counteract the automatic and distracted approach to food consumption, and is a “how to” method of bringing enjoyment into food consumption (Hong et al., 2011). Early research centered on mindful eating programs exploring both behaviors and decision making (e.g., Kristeller et al., 2014), while various recent studies focused specifically on mindful eating behavior (Mantzios, 2021; Mantzios, 2023a, 2023b), which specifically targets behavioral attentiveness and awareness during eating highlighted as being the core elements of mindful eating (e.g., Mantzios, 2021). Mindful eating behavior is defined as ‘the sustained attention to a sensory element of the eating experience (e.g., the taste) and a non-judgemental (or non-evaluative) awareness of thoughts and feelings that are incongruent to the sensory elements of the present eating experience’ (Mantzios, 2021, p. 369). Mantzios (2023a, 2023b) developed and validated a scale with two subscales (i.e., sensory attention and non-judgmental awareness) for measuring mindful eating behavior that is descriptive of the theory put forward in earlier literature on mindful eating behavior (Mantzios, 2021; Mantzios, 2025), and is in accordance to models of mindfulness and suggestions around the self-regulation of attention (Bishop et al., 2004; Kabat-Zinn, 2003). Significantly, enhanced mindful eating are suggested to promote feelings of appreciation and joy (Bays, 2017; Kawasaki and Akamatsu, 2020), which may serve as precursors to the experience of gratitude (Manela, 2016; Watkins et al., 2018), and consequently, influence motivations to reduce food waste. Investigating the behavioral trait of mindful eating could inform future research on how gratitude relates to food waste avoidance.

Therefore, the present explored the relationship between gratitude, motivations to reduce food waste, and mindful eating behavior, with mindful eating behavior specifically investigated as a potential moderator of the link between gratitude and these motivations.



Methods


Participants

One-hundred and sixty-nine participants were recruited through an online study platform. Participants’ age ranged from 21 to 68 years (M = 40.73, SD = 10.93), with the sample comprising 104 females and 65 males. One-hundred and fifty-seven participants identified as White, one as Black, three as Asian, six as Mixed, and two as “Other” without providing further information. Finally, participants’ self-reported height and weight assisted in the calculations of Body Mass Index (BMI) that ranged from 18.75 to 55.84 (M = 27.05, SD = 5.26). A power analysis using G*Power 3.1 determined that the required sample size for detecting a medium effect (f2 = 0.15) in a Model 1 moderation analysis, using α = 0.01 and power = 0.90, was 122 participants. Considering potential attrition rates and incomplete data entries, we recruited a larger number of participants.



Materials


Motivation to avoid food waste (MAFW)

The 21-item MAFW scale (Ribbers et al., 2023) measures four motivations to avoid food waste: environmental (e.g., “Food waste has huge economic consequences for society”), moral (e.g., “Wasting food is disrespectful to poor people in this country”), financial (e.g., “Wasting food is a waste of my money”) and social (e.g., “I avoid food waste because I do not want other people to think I’m greedy”) motivations. Responses are provided according to what extent individuals personally avoid wasting food because of these motivations, with responses ranging from 1 (“not at all”) to 7 (“very much”). Ribbers et al. reported good internal reliability for all four motivations; environmental, α = 0.91; moral, α = 0.81; financial, α = 0.84; social, α = 0.92. In the present study, Cronbach’s alpha was also good for the four motivations: environmental, α = 0.93; moral, α = 0.83; financial, α = 0.87; social, α = 0.94.



The mindful eating behavior scale-trait (MEBS-T)

The 8-item MEBS-T scale (Mantzios, 2023b) measures two components of mindful eating behavior: sensory attention (e.g., “I fully taste what I am eating”) and non-judgmental awareness (e.g., “I hold my attention on what I am eating, despite recognising the occurrence of thoughts and/or feelings while I am eating”). Responses are provided on a 4-point Likert scale ranging from 1 (“strongly disagree”) to 4 (“strongly agree”). Mantzios reported good internal reliability for MEBS-T, for total score (α = 0.89) and subscales (sensory attention, α = 0.87; non-judgmental awareness, α = 0.86). In the present study, Cronbach’s alpha was equally good, for total score (α = 0.84) and subscales (sensory attention, α = 0.86; non-judgmental awareness, α = 0.83).



The gratitude questionnaire - six item form (GQ-6)

The GQ-6 (McCullough et al., 2002) measures a general grateful disposition (e.g., “if I had to list everything that I felt grateful for, it would be a very long list.”). Responses are provided on a 7-point Likert scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). McCullough et al. reported good internal reliability for GQ-6, α = 0.82. In the present study, Cronbach’s alpha for GQ-6 was 0.82.




Procedure

Participants were recruited through an online study advertisement platform (i.e., Prolific) and were compensated for their time (6.20 £/h). The study was conducted online through the Qualtrics experiment platform. Participants first responded to demographic questions about their age, sex, ethnicity, and provided their weight and height measurements (for BMI calculations). Participants then completed the self-report measures in a set order (i.e., WAFW, MEBS-T, and GQ-6).



Data analysis

All statistical analyses were conducted using IBM SPSS 28. Bivariate correlations were examined to assess relationships between gratitude, mindful eating behavior, and motivations to avoid food waste. Moderation analyses were performed using PROCESS (Model 1) with 5,000 bootstrap samples, centering variables to their means. Simple effects coefficients were computed at three levels of the moderator (i.e., 1 SD below the mean, at the mean, and 1 SD above the mean). Statistical significance was determined at p ≤ 0.05, with bias-corrected confidence intervals (CI) used to confirm moderation effects. Partial η2 was used as an assessment of effect sizes, with benchmarks set at 0.01 (small), 0.06 (medium), and 0.14 (large) (Aiken et al., 1991; Hayes, 2017).




Results

The present study examined relationships between gratitude, mindful eating behavior, and motivations to avoid food waste across different dimensions. Gratitude correlated positively with moral and financial motivations to avoid food waste, but not with social or environmental reasons. Mindful eating behavior positively correlated with overall gratitude and environmental, moral, financial, and social motivations to avoid food waste. Non-judgmental awareness showed similarly positive significant relationships between mindful eating behavior and all motivations to avoid food waste, while sensory attention showed significant positive relationships with environmental and moral motivations only (see Table 1).


TABLE 1 Bivariate correlations between mindful eating behavior, gratitude and motivations to avoid food waste.


	Measures
	MEBS-T
	SA
	NJA
	Gratitude
	ENV
	MOR
	FIN

 

 	MEBS-T 	— 	 	 	 	 	 	


 	SA 	0.834** 	— 	 	 	 	 	


 	NJA 	0.840** 	0.401** 	— 	 	 	 	


 	GQ 	0.208** 	0.255** 	0.094 	— 	 	 	


 	ENV 	0.300** 	0.233** 	0.269** 	0.134 	— 	 	


 	MOR 	0.349** 	0.315** 	0.270** 	0.313** 	0.733** 	— 	


 	FIN 	0.193* 	0.148 	0.175* 	0.180* 	0.311** 	0.374** 	—


 	SOC 	0.250** 	0.069 	0.348** 	0.025 	0.436** 	0.250** 	0.173*





MEBS-T = Mindful eating behavior scale-trait; SA = mindful eating behavior scale-trait, sensory attention subscale; NJA = mindful eating behavior scale-trait, non-judgmental awareness subscale; motivation to avoid food waste subscales: ENV = environmental, MOR = moral, FIN = financial, and SOC = social; GQ = gratitude questionnaire. * <0.05 and ** <0.01.
 

Further moderation analyses explored the relationship between gratitude and motivation to avoid food waste, with mindful eating behavior as the moderator. Firstly, we focused on the overall mindful eating behavior scores and its moderation effects on the relationship between gratitude and four subscales of motivation to avoid food waste: environmental, moral, financial, and social motivations.

The moderation analyses revealed no significant interaction effects between mindful eating behavior and gratitude, and therefore, no significant moderation effects of mindful eating behavior on the relationships between gratitude and the four subscales of motivation to avoid food waste (environmental: b = 0.02, p = 0.610; moral: b = 0.02, p = 0.150; financial: b = 0.02, p = 0.240; social: b = −0.007, p = 0.840). Results indicated that the level of mindful eating behavior does not significantly alter the associations between gratitude and motivations to avoid food waste across these dimensions. For further exploratory moderation analyses with mindful eating subscales, please see Supplementary material S1.



Discussion

The study aimed to explore the connections among gratitude, mindful eating behavior, and motivations to prevent food waste, investigating their interrelations and potential implications for waste reduction strategies. It was hypothesized that mindful eating behavior could moderate the relationship between gratitude and motivations to reduce food waste, including sub-dimensions of food waste reduction focusing on environmental, moral, financial, and social motivations.

Findings showed positive correlations between gratitude and both moral and financial motivations to avoid food waste. Such an association between gratitude and moral motivations was generally presumed (McCullough et al., 2001), but the association with financial motivations could be a consequence of an economic downturn and inflation in the UK during the recruitment period. Additionally, mindful eating behavior showed positive associations with gratitude and all motivations to prevent food waste. Findings from the mindful eating behavior subscales suggested that individuals with higher levels of non-judgmental awareness displayed a stronger relationship between gratitude and motivation to reduce food waste for moral and financial reasons than sensory attention. However, the study did not find significant moderation effects of overall mindful eating. While the moderation was not significant, the underlying constructs of mindful eating may be of further significance. A non-judgmental attitude is fundamental for self-regulating attention in mindfulness practices (Bishop et al., 2004; Kabat-Zinn, 2003), and may be instrumental in “the self-regulation of sensory attention while eating” (Mantzios, 2025), potentially diluted by investigating the overall score of mindful eating that includes the sensory attention subscale and was found to have weaker associations. Therefore, it is not simply a matter of paying attention to sensory elements of the food, but more about being able to regulate such attention. Apart from the quality of attention, another noteworthy implication is the potential health benefits when practising mindful eating (Mantzios et al., 2019, 2020) and the found experiences of improved eating behavior and regulated consumption, while gratitude-based interventions have mixed findings on either enhancing healthy eating behavior (Fritz et al., 2019), or a self-licencing or legitimising of consumption of energy-dense foods (see De Witt Huberts et al., 2012; De Witt Huberts et al., 2014; Schlosser, 2015). This is not to say that mindful eating literature does not suffer from similar problems (Mantzios, 2021), but a potential future direction could be the incorporation of a food gratitude scale (see Kawasaki et al., 2024), rather than a general gratitude trait scale. Overall, the present findings proposed that there are opportunities for collaborative interventions that merge food waste prevention with efforts to promote healthier eating (Cooper et al., 2018). Future research should explore the intersection of gratitude, via joy and appreciation of food, avoidance of food waste and mindful eating, which may explain explaining why mindful eating and gratitude are practical to mitigate food waste.

Several limitations should be acknowledged and considered before drawing solid conclusions. First, the self-reported nature of the research may have an overestimation or underestimation of motivations to avoid food waste. Future research should account for social desirability bias, as it may be a significant component associated with feelings of shame, which have been identified as an important determinant for food waste in previous research (Filimonau et al., 2025). Second, the cross-sectional design limits any causal interpretations and prevents directionality of relationships between gratitude, mindful eating, and food waste motivations. Third, while the sample size was adequate for statistical analyses, it may not be fully representative of broader populations, limiting generalisability. Fourth, the study did not account for potential external factors, such as economic status, education level, employment status, relationship status, or household food management practices, which may also impact food waste motivations and illustrate divergent or opposite findings. Future research should consider the limitations and explore experimental designs to further validate the present findings.

The present research shows the interaction between gratitude, mindful eating, and motivations to avoid food waste. While gratitude was positively associated with moral and financial motivations to reduce food waste, the moderation analysis did not show that mindful eating changed such relationships. Public awareness campaigns that integrate gratitude and/or mindful eating, or, public health programs targeting obesity, food insecurity, or malnutrition receiving food appreciation and mindful eating training are two potential policy-oriented examples of where such research could lead us. Despite the limitations, the present research provides valuable insights into how mindful eating and gratitude may contribute to sustainable food consumption practices, offering a promising avenue for both academic inquiry and real-world applications through mindful eating and gratitude practices.
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Awareness Scale; ADD/ADHD, attention-deficit disorderattention-deficit hyperactivity
disorder; ASD, autism spectrum disorder; PTSD, post-traumatic sress disorder; BDD, body
dysmorphic disorder; SUD, substance use disorder; OCD, obsessive-compulsive disorder.
#%p <001, ***p <0.001 difference between MAAS scores betiween the groups.
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Goal intention (follow-up)

Variable (follow-up) 95% CI

Compassion and caring-based ~0.28 019 ~0.11 -147 0.147 [~0.66,0.10]

mental training'

Adapted MBSR training" 019 -005 0.561 [-049,0.27)
Explicitattitudes toward vegetarian 013 008 014 165 0.102 [-003,0.29]
food

Implicit attitudes toward vegetarian 000 000 0.06 096 0343 (000, 0.00]
food

Social norm 021 008 0.20 279 0.007 1006,0.36]
Personal norm 057 011 043 506 <0001 (034,079
Compassion (CS) 03 024 0.04 055 0585 [-034,0.60]
Wellbeing (BIT) o1 018 005 061 0544 [-024,0.46]
Nonjudging of inner experience ~0.03 001 -003 ~035 0731 [-023,0.16]
(FFMQ)

Describing (FFMQ) 009 001 0.07 093 0353 [~0.10,0.29)
Observing (FFMQ) ~0.18 015 ~009 -125 0214 [~047,01]
Acting with awareness (FEMQ) 019 015 on 128 0205 [-0.11,0.50]
Nonreactivity (FEMQ) 009 013 -005 -070 0486 [-036,0.17)
Vegetarian/vegan diet 069 019 028 354 <0001 (030, 1.07)

‘Reference group: Active control group.
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Variable n=651
Age, years 260 £6.0
Sex, n (%)

Male 44 (6.8)
Female 607 (93.2)
Education, n (%)

With university degree 285 (43.8)
Without university degree 366 (56.2)
BMI, kg/m?* 237453
Weight status, n (%)

Underweight 106 (16.3)
Normal 318 (48.8)
Overweight 135 (20.7)
Obesity 92 (14.1)
Self-esteem score 39409
Self-esteem classification, n (%)

Low 38 (5.8)
High 613 (94.2)
Perceived quality of life score 38408

Perceived quality of Life classification, n (%)

Low. 34(5.2)
High 617 (94.8)
Health Satisfaction score 34410
Health Satisfaction classification, n (%)

Low 121 (18.6)
High 530 (81.4)

All data are mean and standard deviation unless indicated.






OPS/images/fpsyg-14-1158410/fpsyg-14-1158410-t001.jpg
Education®

Meditation practice
(min/year)?

Home
assignments
(min/week)®

Yoga practice
(min/year)?

Engagement
since last session
(min/week)*

Compassion and
caring-based
mental training
(N=31)

Adapted MBSR
training (N=34)

Active control
group (N=26)

‘measured at pre-test.
‘measured at post-test.
‘measured at follow-up.

23.65(3.23)

2194 (3.77)

2165 (221)

Bachelor: 6.5%

Master: 3.2%

High School: 97.1%
Master: 2.9%

High School:
100.0%

418.87 (1022.84)

Never: 6.5%

Once: 48.4%
Sometimes/year: 16.1%
Sometimes/month: 25.8%
Daily: 3.2%

39191 (1022.54)

Never: 8.8%

Once: 52.9%
Sometimes/year: 11.8%
Sometimes/month: 23.5%
Daily: 2.9%

22096 (502.30)

Never: 7.7%

Once: 57.7%
Sometimes/year: 15.4%
Sometimes/month: 15.4%
Daily: 3.8%

117048 (2279.37)
Never: 6.5%
Once: 29.0%
3245 (44.46)
Sometimes/year: 29.0%
Sometimes/month: 29.0%

Daily: 6.5%

155941 (3140.73)
Never: 8.8%
Once: 35.3%
20.15 (33.68)
Sometimes/year: 17.6%
Sometimes/month: 23.5%

Daily: 14.7%

1550.96 (3643.67)
Never: 11.5%
Once: 34.6%
1654 (16.84)
Sometimes/year: 23.1%
Sometimes/month: 19.2%

Daily: 11.5%

15,00 (25.63)

17.65 (32.18)

7.8 (12.26)
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Variable

Daily intake of fruits

65

(%)

No 594 (91.2)
Yes 57 (8.8)
Daily intake of vegetables

No 523 (80.3)
Yes 128 (19.7)
Daily intake of breakfast

No 404 (62.1)
Yes 247 (37.9)
Daily intake of snacks

No 449 (69.0)
Yes 202 (31.0)
Daily intake of soft drinks

No 590 (90.6)
Yes 61(9.4)
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Variable 95% ClI P
Age, years 0.10 (—0.00,0.04) 0.09
Sex; female —0.00 (—0.81,0.82) 0.9
Education, with a university degree —0.11 (—1.07,—0.20) 0.004
BMI, kg/m —0.10 (—0.08,—0.00) 0.01
Self-esteem score 0.11 (0.11,0.56) 0.003
Perceived quality of life score 0.03 (—0.18,0.37) 0.5
Health satisfaction score 0.17 (0.23,0.68) <0.001
GAD score —0.13 (=0.12,—0.03) <0.001
Vegetables daily intake 0.10 (—0.00,1.11) 0.05
Fruits daily intake 0.10 (—0.11,1.45) 0.09
Breakfast daily intake 0.14 (0.41,1.27) <0.001
Snacks daily intake —0.13 (—1.24,—0.36) <0.001
Soft drinks daily intake 0.02 (=0.53,0.87) 0.6

Data are presented as standardized beta coefficient (B) with 95% confidence intervals (CIs) using a multivariate linear regression analysis.

significance.

Bold values indicates the p-value at the level of
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Variable OR 95% ClI P
Age, years 1.03 (0.99,1.05) 0.08
Sex, female 0.46 (0.20,1.02) 0.05
Education, with a university degree 0.57 (0.33,0.95) 0.03
Overweight/obesity 0.55 (0.31,0.96) 0.03
High self-esteem 2.85 (0.61,13.11) 0.1
High perceived quality of life 097 (0.18,4.99) 09
High health satisfaction 4.88 (1.67,14.19) 0.004
Moderate/severe GAD 119 (0.71,1.98) 0.5
Daily intake of vegetables 168 (0.94,2.97) 0.07
Daily intake of fruits 2.90 (1.44,5.84) 0.003
Daily intake of breakfast 1.64 (1.01,2.63) 0.04
Daily intake of snacks 0.53 (0.30,0.92) 0.02
Daily intake of soft drinks 1.66 (0.75,3.68) 0.2

Data are presented as Odds Ratios (ORs) with 95% confidence intervals (CIs) using a multivariate logistic regression analysis. Bold values indicates the p-value at the level of significance.
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Pre-test Post-test Follow-up

Stage affiliation M M M SD

My meals often contain meat-based foods, and
Pre-decision 11 -17.28 4449 12 =167 90.44 10 =538 3235
1do not intend to change that in the future

‘These days I'm thinking about eating
vegetarian meals more often instead of meat-

Pre-action 12 2431 5685 8 ~1l4 4096 10 1972 8256
based ones, but I do not know exactly how to

implement that et
T've decided to eat vegetarian instead of meat-
based meals more often in the future, and I've
Action 15 29.26 5115 11 8.55 30.55 9 32,08 76.88
already educated myself on how to make that
happer
I prefer to eat vegetarian instead of meat-based
Post-action meals as often as possible and will maintain 53 30.55 7944 60 20.11 57.94 62 2098 544

this in the future.

R et g o —R e it et wertss the higher the value, the more positive the attitude.
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Goal intention (post-test)

Variable (post-test) 95% CI

Compassion and caring-based

-013 0.22 ~0.05 -0.58 0.567 [-0.56,0.31]
mental training'

Adapted MBSR training" 022 -001 0919 [-0.46,0.42]
Explicitattitudes toward vegetarian

009 009 0.08 100 0320 [-009,0.26]
food
Implicit attitudes toward vegetarian

000 000 0.02 034 0734 10.00,0.00]
food
Social norm 004 010 0.04 043 0.669 (-0.15,0.23]
Personal norm 062 012 049 527 <0001 (038, 0.85]
Compassion (CS) 0.13 0.26 0.04 0.50 0622 [~0.40,0.66]
Wellbeing (BIT) 0.08 0.18 0.04 044 0.658 [-0.28,0.44]
Nonjudging of inner experience

017 012 013 143 0157 (~007,042)
(FEMQ)
Describing (FEMQ) 004 012 0.03 036 0722 [-020,0.28]
Observing (FFMQ) 005 017 0.02 028 0782 [-029,0.38)
Acting with awareness (FEMQ) ~0.09 016 -005 056 0576 [-0.40,0.23]
Nonreactivity (FEMQ) ~0.03 015 -002 -0.20 0.840 [-0.33,0.27]
Vegetarian/vegan diet 0.80 021 033 382 <0001 (038,1.22)

‘Reference group: Active control group.
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Pre-test Post-test Follow-up

Eating  Importance Reasons Eating  Importance Reasons Eating  Importance Reasons

habit nutrition®  forveg  habit nutrition®  forveg  habit nutrition®  for veg
diet> ® diet* ° diet* °
Compassion Sustainability: Sustainability: Sustainability:
Vegetarian/ Vegetarian/ Vegetarian/
and caring- 445(093) 454 (0.66) 4.91(030)
vegan: vegan: vegan:
based Health: 4.18 Moral: 4.15 Moral: 436
35.5% (1) 439 (0.62) 41.9% (13) 435 (0.55) 35.5% (1) 435 (0.66)
mental (1.08) (0.80) (081
Omnivore: Omnivore: Omnivore:
training Moral: 4.09 Health: 3.92 Health: 4.27
64.5% (20) 58.1% (18) 64.5% (20)
(N=31) (0:83) (144 (o1
Sustainability: Sustainability: Sustainability:
Vegetarian/ Vegetarian/ Vegetarian/
Adapted 420(101) 4.24(0.66) 433(072)
vegan: vegan: vegan:4.1%
MBSR Moral: 4.00 Health: 4.18 Moral: 433
44.1% (15) 438 (0.65) 50.0% (17) 435 (0.69) as) 432(0.73)
training (1.20) ©.73) 0.72)
Omaivore: Omnivore: Omnivore:
(N=34) Health: 4.00 Moral: 4.12 Health: 4.33
55.9% (19) 50.0% (17) 55.9% (19)
(0.93) 0.93) ©.72)
Sustainability: Moral: 436 Moral: 455
Vegetarian/ Vegetarian/ Vegetarian/
Active 438(0749) (L03)
vegan: vegan: vegan:
control Health: 4.38 Sustainal nability:
30.8% (8) 4,08 (0.69) 423% (1) 412(0.77) 423% (1) 427 (0.72)
group (0.52) 427 (079) 4.09(0:83)
Omnivore: Omnivore: Omnivore
(N=26) Moral: 4.25 Health: 4.09 Health: 3.73
69.2% (18) 57.7% (15) 57.7% (15)
©.71) ©0.94) 079

scale from 1 (“notatall’) to 5 (“very much’).
if vegetarian or vegan was specified at “Eating habit’
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Pre-test Post-test Follow-up

Stage affiliation M M M

My meals often contain meat-based
Pre-decision  foods, and I do not intend to change u 3645 096 12 37% 128 10 34 1a
that in the future.

‘These days I'm thinking about eating
vegetarian meals more often instead

Pre-action of meat-based ones, but I do not 12 b & 105 8 3.8 083 10 3.52%¢ 105
Know exactly how to implement that
yet.
I've decided to cat vegetarian instead

Action ek 15 435 0.84 n 4.46 0.96 9 4.38 0.85
the future, and T've already educated
myself on how to make that happen.
1 prefer to eat vegetarian instead of

Post-action meat-based meals as often as possible 53 4.61%12 098 60 4.89%M 1.07 62 4975 L1

and will maintain this in the future.

scale from 1 (“not at all)” to 5 (“very much’),
“significant difference p<0.05, superscript numbers (1-6) denote the respective significantly different means.
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Variable SD icc 2 3

Trait mindfulness 3.85 068 051% 025* —0.28*
State mindfulness 423 0.87 0.64 —0.38"*
Body image 458 1.00 0.55 020" 0.41% —0.43*
Restrictive eating 233 051 059 —0.42 —0.30%

*p <0.05,**p < 0.01.
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Variable Independent variable: state mindfulness Independent variable: trait mindfulness

Dependent variable: restrictive eating

Dependent variable: restrictive eating
Estimate Estimate SE

Between-person

Intercept 1,524+ 027 8.88%+* 1.87
Mindfulness —0.76"* 0.12 —0.12"** 0.03
Residual 017+ 0.03 673" 1.40
Within-person

Mindfulness —0.30" 0.04

Residual 023+ 0.03

The model is a random intercept model; the average number of observations per person is 5.22, with an individual-level N = 65. The state mindfulness between individuals is the average score

of the 6-day state mindfulness scale.
*p <0.05,*p < 0.01,***p < 0.001.
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Variable Mediation model (State mindfulness as Mediation model (Trait mindfulness as
the independent variable) the independent variable)

Dependent variable: restrictive eating Dependent variable: restrictive eating

Estimate Estimate SE

Between-person

Path ap —0.12 020 0.12 0.10
Path by, 0.26 146 0.16 0.16
Path ¢, —0.22 079 —0.03 0.19
Indirect effect 0.06 0.12 0.03 0.03
Residuals of the dependent 0.16 0.57 1.93 47.95
variable

Residuals of the mediator variable 0.60 033 33.28** 10.66

Within-person

Path a, 0.21%** 0.06

Path by, 0.31** 0.08 0.09 0.07
Path ¢, 0.02 0.05

Indirect effect 0.66** 0.03

Residuals of the Dependent 0.22%** 0.03 9.07** 135
Variable

Residuals of the mediator variable 0.29%** 0.04

The model is a random intercept model; the average number of observations per person is 5.22, with individual-level N = 65. (ay/a,) represents the path coefficient from mindfulness to body
image; (by/by) represents the path coefficient from body image to restrictive eating behavior; (cp/cy) represents the path coefficient from mindfulness to restrictive eating behavior.
*p < 0.05,**p < 0.01,***p < 0.001..
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Variables Meal SD Range

1.PHQ-9 7.44 455 27 -

2.GAD-7 571 428 21 0.770%* -

3.0B 1001 351 16 0.130¢ 0167+ -

4.D§ 1176 369 16 0036 0073 0.430%% -

5.AA 1104 320 16 —0406%* | —0343%* | 0084 —0.069 -

6.N] 1031 282 16 —0279% | —0287%* | 0177%% 0054 0.414%% -

7.NR 1217 266 16 ~0.031 003 0349%F 0426 0046 0.009 -

8. FEMQ 55.29 9.42 58 —0275%F | —0285%%  0720%% | 0664%% | 0455%F  0529%%  0566** -

9.EE 2756 9.70 52 0.177%% 0.099 0236** | 0032 -0208%* 0107 0093 | -0229%% | -

PHQ-9, Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder Scale; OB, Observation facet; DS, Describe facet; AA, Acting with awareness facet; NJ, Non-judgement facet; NR,
Non-reactvity facet; FEMQ, Five Facets of Mindfulness Questionnaires EE, Emotional Eating subscale.
*p < 0.05 %% p < 0.00.
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Coeff LLCI uLcl
Moderator: depression
Constant 13.461 4.649 2.895 0.004 4.308 22615
Depression 0.374 0.143 2.613 0.009 0.092 0.656
OB 0.453 0.183 3.029 0.003 0.159 0.748
DS —0.118 0.188 —0.628 0.530 —0.489 0.252
AA —0.5464 0.0810 —6.7427 0.0000 —0.7059 —0.3870
NJ -0272 0.226 —-1.204 0.230 -0.717 0.173
NR 0.189 0.248 0.764 0.446 —0.298 0.677
Moderator: anxiety
Constant 13.236 4.693 2.820 0.005 3.99 22475
Anxiety 0.184 0.145 1.267 0.206 ~0.102 0470
OB 0.722 0.185 3.909 <0.001 0358 1.086
DS =0.110 0.190 —0.580 0.563 —0.485 0.264
AA 0.614 0.197 3111 0.002 0.225 1.002
NJ =0.225 0.229 —0.980 0.328 —0.676 0.227
NR 0185 0251 0737 0462 0309 0679

Model 1: Depression as mediator between mindfulness facets and emotional eating, K" = 0.189, model 2 Anxiety as mediator between mindfulness facets and emotional eating R* = 0.124,
Covariates included in BMI, age.

OB, Observation facet; DS, Describe facet; AA, Acting with awareness facet; NJ, Non-judgement facet; NR, Non-reactvity facet; FFMQ, Five Facets of Mindfulness Questionnaire; EE,
Emotional Eating subscale.
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Ch: SD)/ n (%)

Age, year (mean £ SD) 30,66 +3.68

cteristic N =334 (mean

Education, year
<12 112(33.5)
>12 222(66.5)

Household income, CNY (per year)

<3000 26(7.7)
30,000 -80,000 70 (30.0)
80,000 -150,000 234(70.1)
> 150,000 4(12)
BMI, kg/m'’ (Mean + SD) 2485485
<185 16(4.8)
18.5-23.9 100(29.9)
24-279 168 (50.3)
228 60 (18.0)
Subfertility

Primary 212(63.5)
Secondary 122(36.5)
Parity

Nulliparous 295(88.3)
Multiparous 39(117)

Duration of subfertility, years

<2 75 (22.5)
2-5 186 (55.7)
>5 73(219)

BMI, body mass index; CNY, China yuan,





