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Background: Ultra-processed foods have been associated with several negative outcomes, but it is not clear whether they are related to bullying perpetration. Moreover, no previous study has investigated the potential role of deviant behaviors as a mediator of this association. Our objective was to evaluate the association between ultra-processed dietary pattern and bullying, and the mediating effect of deviant behaviors in this association, among school adolescents.

Methods: We used data from a representative sample of 9th grade Brazilian adolescents (N = 2,212) from the São Paulo Project for the social development of children and adolescents (SP-PROSO). Exploratory factor analysis was used to obtain the dietary patterns, through questions of frequency of consumption in the last week of several foods. The ultra-processed dietary pattern was considered as exposure. The outcomes were the types of bullying (any type, social exclusion, psychological/verbal aggression, physical aggression, property destruction, and sexual harassment). Deviant behaviors (mediator) were assessed through a score. Mediation analyses were carried out using logistic regression based on the KHB method.

Results: After adjusting for covariates, the mediating effect of deviant behaviors was found in the association between ultra-processed dietary pattern and all the types of bullying perpetration, especially for psychological/verbal aggression (39.4%). A small mediating effect of deviant behaviors in the association of ultra-processed dietary pattern with physical aggression (17.7%) and property destruction (18.5%) was observed, but this effect explained only a small portion of the total effect of such association (significant direct effect).

Conclusion: The ultra-processed dietary pattern was associated with bullying, and the association was mediated through deviant behaviors. Policies and actions for improving the adolescent’s diet and managing the adoption of deviant and bullying behaviors by this public are required.
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GRAPHICAL ABSTRACT
 Graphical abstract of the possible mechanisms by which the ultra-processed dietary pattern is associated with the perpetration of bullying. This figure was created using BioRender.com.



1 Introduction

Bullying has become a major public health problem around the world (1, 2) and is recognized as a subset of violent behavior that can be defined through three specific characteristics: intentionality, repetitiveness, and power imbalance (3). In Brazil, findings from PeNSE 2019 (Brazilian National School-Based Health Survey) indicated that 12% of adolescents aged 13 to 17 years reported having practiced bullying against their peers, with a higher percentage among boys (14.6%) than among girls (9.5%) (4).

In recent years, only a few studies have investigated the association between food consumption and violent behaviors (5, 6), especially bullying perpetration (7–9). Our latest research (10) found that adolescents who had an unhealthy dietary pattern were more likely to perpetrate overt (e.g., physical aggression) and covert (e.g., social exclusion) forms of bullying. The lack of investigation of this association is striking, considering the significant body of literature that joins nutritional elements to mental health (11, 12), and ties problem behavior in childhood to specific aspects of brain development (13).

For optimal brain function, it is necessary to consume a sufficient number of vitamins, minerals, and other nutrients such as folate, zinc, iron, magnesium, and polyunsaturated fatty acids (12), which are predominantly found in natura or minimally processed foods (14). In Brazil, especially among adolescents (15), the consumption of these foods has been gradually replaced by the consumption of ultra-processed foods (16), defined according to the NOVA food classification system as industry products, mostly or completely made from ingredients and containing little or no whole foods in its formulation (14). The physiological element of diet on bullying, in addition to social and environmental elements (17), proposes that an unhealthy diet may influence adolescent’s behaviors by affecting the brain’s structural development, brain neurotransmitters, and brain functions (18, 19), which would contribute to engagement in bullying perpetration.

Among adolescents, there is a strong interrelationship between interpersonal violence, bullying behaviors, and delinquency (20, 21), which are offensive acts of violation of major rules, social norms, and even the current judicial order (22). Research shows that these deviant acts – e.g., bragging, lying, truancy, stealing, running away, and fighting – may be the result of unhealthy eating (23, 24) through the same proposed physiological pathway (18, 19) and are committed at an earlier age by future perpetrators (25). This mechanism warrants the importance of investigating our hypothesis that deviant behaviors are a possible mediator of the association between food consumption and bullying in adolescence.

Although the consumption of ultra-processed foods is increasing in the Brazilian diet (16), especially during and after the COVID-19 pandemic lockdown (26, 27), and the association between unhealthy eating and bullying perpetration has been reported in the literature (7–10), no study to date has broadly evaluated the consumption of these foods associated with bullying. Furthermore, as deviant behavior is a characteristic of those who bully especially the overt form (28), its mediating effect on the association between an ultra-processed dietary pattern and bullying perpetration needs to be clarified. In that regard, this study intends to elucidate the role of deviant behaviors in this association and evaluate adolescents’ food consumption through the dietary pattern (29), understanding that it represents a wide combination of ultra-processed foods that are usually part of their eating habits. It is also relevant to assess different forms of bullying and possibly find different mediation percentages of deviant behaviors for each type of perpetration, associated with the ultra-processed dietary pattern.

Therefore, the present study aims to evaluate the association between dietary pattern, especially the ultra-processed pattern and bullying perpetration, and to explore the mediating effect of deviant behaviors on this association, among school adolescents.



2 Methods


2.1 Data collection and sampling

We used data from the São Paulo Project for the social development of children and adolescents – SP-PROSO (Projeto São Paulo para o desenvolvimento social de crianças e adolescentes), a cross-sectional study conducted from August to November 2017 with a representative sample of 9th grade students from public and private schools in São Paulo, Brazil (30).

The sampling strategy used stratification by school type (state public schools, municipal public schools, and private schools in São Paulo) and clustering by school class, considered as the primary sampling unit. Of the 156 schools selected, 128 were randomly selected to start data collection. The remaining schools were drawn as reserves if it was necessary to complete the sample. After refusals (26 private schools and 8 public schools) and school non-response (3 private schools), 119 were included in the final sample. Eligible adolescents were those who were present in the classroom on the day of data collection, whose parents did not disallow them from participating, and who did not present any serious difficulty that might avoid understanding questions or prevent from answering them anonymously.

Participants were invited to sign an Informed Consent Term and to answer a paper-pencil structured questionnaire, with questions about sociodemographic and familiar characteristics, school environment, violence, and students’ food consumption and physical activity. The questionnaire was based on models previously used in the longitudinal study Zurich Project on the Social Development of Children (Z-PROSO) and Montevideo Project for the Social Development of Children and Adolescents (M-PROSO, Proyecto Montevideo para el desarrollo social de niños y adolescentes), later translated to Portuguese.

Of the 2,816 ninth-grade students present on the survey day, 2,680 answered the questionnaire. The final sample size included in this study comprised 2,212 participants (Figure 1). More details of the sampling process are available in the SP-PROSO report (30).
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FIGURE 1
 Flowchart of the total study sample (9th grade students), SP-PROSO.




2.2 Ultra-processed dietary pattern – exposure

The student’s food consumption was evaluated by the weekly consumption of healthy (beans, raw/cooked vegetables, and fruit/fruit salad) and ultra-processed foods (sausages, biscuits/cookies, package snacks/potato chips, candies, and sugary beverages). The frequencies were grouped in a dichotomous variable (<5 times/week or ≥ 5 times/week), hereinafter referred to as regular consumption (31). Subsequently, exploratory factor analysis was performed on the total sample to obtain the dietary patterns. This statistical method aggregates specific food items based on the degree to which they are correlated with one another in the data set. Orthogonal (varimax) rotation was applied for greater interpretability. The number of selected factors was chosen through the scree plot preview. Food items with a loading factor greater than 0.30 were considered in identifying the two dietary patterns (32). The “ultra-processed dietary pattern” was considered as the exposure in this study and the “healthy dietary pattern” as a covariate of the analyses. The sampling adequacy was assessed through the Kaiser-Meyer-Olkin (KMO) criteria, which takes values between 0 and 1, with small values generally meaning that variables have too little in common to justify a factor analysis. A value of KMO = 0.81 was obtained, meaning good adequacy (33).



2.3 Types of bullying perpetration – outcomes

In August 2017, the adolescents self-reported the frequency of bullying perpetration in the previous 12 months through five questions regarding specific types of perpetration, following the general question: “Since August 2016, how often have you (1) ignored or excluded on purpose, (2) made fun of or called names, (3) punched, kicked, bitten, or pulled the hair of, (4) taken, broken, or hidden on purpose some of the belongings of, and (5) sexually harassed other adolescent?” Possible answers were 1 = never; 2 = once or twice; 3 = from 3 to 10 times; 4 = once a month; 5 = once a week; 6 = every day. Bullying perpetration was considered when students reported having practiced this violence at least once a month in the last year (34). Each type of bullying perpetration (any type, social exclusion, psychological/verbal aggression, physical aggression, property destruction, and sexual harassment) was considered as an outcome of the present study.



2.4 Deviant behaviors – mediator

We have some arguments that scientifically support us to consider deviant behaviors as a possible mediator of the association between ultra-processed dietary pattern and bullying perpetration. In addition to the physiological pathway explored in the literature (19, 24, 25), we examined whether ultra-processed dietary pattern was associated with bullying after controlling for deviant acts. After the adjustment, the ultra-processed dietary pattern remained significantly associated only with physical aggression and sexual harassment (p < 0.05), which means that the association between exposure and the other types of bullying perpetration (social exclusion, psychological/verbal aggression, and property destruction) may occur via deviant behaviors.

We also performed interaction analysis to test whether deviant behaviors would modify associations between the ultra-processed dietary pattern and our outcomes. As the interaction term was statistically significant only for the association between ultra-processed dietary pattern and sexual harassment (p < 0.05), there is not enough evidence of effect modification by deviant behaviors, which leads us to test it as a mediator of our associations of interest.

Deviant behaviors were measured by the adolescent’s engagement or not in 19 different types of delinquent actsin the previous 12 months of the survey, adapted from Nivette et al. (35). Acts included skipping class on purpose, cheating on school test, running away from home, stealing at home, stealing at school, shoplifting something worth more than 150 reais, shoplifting something worth less than 150 reais, vehicle theft, driving without a license, illegally downloading files from the internet, burglary and stealing from a car, drug dealing, using the train, bus or subway without having paid the ticket, graffitiing, vandalism, carrying a weapon, threatening and extortion, robbery, and assault. We opted for a variety score because it is generally considered a more valid indicator of an individual’s involvement in deviant behavior (intensity of deviance) compared to frequency measures of the total number of deviant acts (36). The questions used in our study to construct the score reflect a variety of acts that are considered deviant across different populations within the context of adolescence (35, 37, 38), in addition to being considered valid self-report measures of delinquency (39, 40).



2.5 Covariates

We assessed sex (male, female), age (in years), skin color/race (white, non-white, non-response), maternal educational level (incomplete middle school, complete middle school, complete high school, complete higher education, non-response), physical fitness (<420 min/week, ≥420 min/week), screen-based sedentary activities (<3 h/day, ≥3 h/day, non-response), students’ perception of community violence (low, medium, high), school administrative status (private, public, and non-response), and healthy dietary pattern. These covariates may be considered confounding variables, which are associated with both the outcome variable (bullying perpetration) and the exposure variable (ultra-processed dietary pattern), and should be appropriately controlled in the statistical analyses (41).



2.6 Data analyses

The analyses were performed taking into consideration the sample design and weights to represent the population of school adolescents from São Paulo. Figure 2 presents a directed acyclic graph (DAG) for the association between the ultra-processed dietary pattern and bullying perpetration, which was constructed using the DAGitty graphical interface (42). All covariates were also included in the DAG, which graphically represents the probable causal structure between the study variables, in addition to identifying those that must be controlled to avoid analytical errors that can lead to false effect estimates (43). First, a descriptive analysis of the total sample was performed to obtain the percentages and their respective confidence intervals (95%CI) of the variables of interest. Mean and standard deviation for deviant behaviors (mediation variable) were also obtained. Then, to assess the role of deviant behaviors (see Figure 2) in the association between ultra-processed dietary pattern and bullying perpetration, mediational analyses were performed using logistic regression based on the KHB method proposed by Breen et al. (44). It decomposes the total effect (the effect of ultra-processed dietary pattern on bullying perpetration without the mediation variable) into direct effect (the effect of ultra-processed dietary pattern on bullying perpetration when controlling for the mediation variable) and indirect (mediating) effect (the effect of ultra-processed dietary pattern on bullying perpetration through the mediation variable).

[image: Figure 2]

FIGURE 2
 Directed acyclic graph (DAG) for the association between ultra-processed dietary pattern and bullying perpetration.


The KHB method also allows for the calculation of the proportion of the mediating effect, which is considered as the percentage of the main association that can be explained by the mediators. The mediational analyses were also controlled for all the above-mentioned covariates. Results were expressed as coefficients with their respective 95% confidence intervals. p-values <0.05 were considered statistically significant, and all statistical analyses were performed using Stata SE version 13.0 software (45).




3 Results

The study sample characteristics are summarized in Table 1. Adolescents showed a similar distribution regarding sex (52.6% male) and had an average age of 14.9 years (SD: 0.69). Regular consumption (≥5 times/week) of sugary beverages (46.1%) and biscuits/cookies (40.9%) were the most frequent among adolescents. Regarding bullying perpetration, 14.6% of students perpetrated any type of bullying, with psychological/verbal aggression being the most frequent type (10.1%). The mean and standard deviation of deviant acts committed by adolescents were also presented.



TABLE 1 Description of the 9th grade students’ sample (n = 2,680).
[image: Table1]

For the whole sample, two dietary patterns were retained, explaining 53.66% of the variance. The first pattern consisting of sausages, biscuits/cookies, package snacks/potato chips, candies, and sugary beverages was labeled “ultra-processed dietary pattern” – the study’s exposure. The other pattern which includes beans, raw/cooked vegetables, and fruit/fruit salad was labeled “healthy dietary pattern” (Table 2).



TABLE 2 Factor structure of food consumption among 9th grade students (n = 2,212).
[image: Table2]

The results from the mediation analyses are shown in Table 3. After adjusting for potential confounders, the mediating effect (indirect effect) of deviant behaviors in the association of ultra-processed dietary pattern with all types of bullying perpetration was observed, highlighting that 37.7% of the association between ultra-processed dietary pattern and perpetration of any type of bullying was mediated by deviant behaviors. A similar mediation percentage (39.4%) was found for psychological/verbal aggression. The mediation percentages for the perpetration of social exclusion and sexual harassment were 21.1 and 12.5%, respectively. Our findings also indicated that deviant behaviors had a positive effect on the perpetration of physical aggression and property destruction, but this effect explained only a small portion of the effect of ultra-processed dietary pattern on these types of bullying (17.7 and 18.5%, respectively); in contrast, the direct effect of ultra-processed dietary pattern on perpetration of physical aggression (82.3%) and property destruction (81.5%) was major.



TABLE 3 Logistic regression analyses of the association between ultra-processed dietary pattern and bullying perpetration (outcome) with deviant behaviors as mediator (KHB method) (n = 2,209).
[image: Table3]



4 Discussion

This study found a mediating effect of deviant behaviors in the association of the ultra-processed dietary pattern with all types of bullying, with a high mediation percentage for psychological/verbal aggression (39.4%). Moreover, significant direct effects were found when analyzing the mediation of deviant behaviors in the association with physical aggression and property destruction.

Given that violence results from a complex causal process that considers the importance of the environmental/social context for the emergence of the violent act (17), there are two possible physiological mechanisms to explain the association between the ultra-processed dietary pattern and bullying perpetration represented by the illustration in the Graphical abstract. The first shows that unhealthy diets, such as the Western dietary pattern, could be associated with greater involvement in delinquent and/or aggressive behaviors (e.g., lying, stealing, arguing, sudden mood swings, and temper tantrums), and related to the perpetration of bullying (24). The Western diet is predominantly composed of foods rich in fructose, food dyes, and preservatives (46) and that lack essential nutrients such as vitamins, Omega-3 fatty acids, and minerals, denominated as ultra-processed foods (15). Fried foods (chicken and fish “nuggets”), commercially-baked goods (cakes, cookies, crackers), and packaged snacks (popcorn, potato chips, and candy) may lead to alterations in brain functions and communication between neurotransmitters like serotonin and dopamine (47, 48). Consequently, these alterations may be associated with an increase in deviant behavior, aggression, and violence perpetrated by adolescents (23, 49). Furthermore, a previous study found that a high-palmitic acid diet (similar to the Western diet fat composition) induced a central inflammatory process in the body (49) by increasing the secretion of TNF-ά (50, 51), which led to more anger and hostility (52) and, consequently, to the perpetration of bullying.

In the second mechanism proposed, daily consumption of soft drink components (e.g., aspartame) may trigger frequent nervousness and irritability (53) due to high fluctuations in blood glucose levels (54) caused by the functional deficit in serotonergic neurons in the central nervous system (55), which can lead to deviant behavior and perpetration of bullying (23). Some soft drinks (e.g., Coke) contain caffeine, which can be associated with conduct disorders and violent behavior among adolescents, due to several physiological actions in the central and peripheral nervous system (56).

According to our results, the deviant behaviors had a small positive mediating effect on the perpetration of physical aggression (17.7%) and property destruction (18.5%), which means that the association of the ultra-processed dietary pattern with these types of bullying (significant direct effect) may have occurred through mediators other than the deviant behaviors, which could not be tested in this study. To date, only one recent research (57) has evaluated the association between poor nutrition (e.g., high junk food intake) and bullying perpetration among deviant and non-deviant youths. The findings showed that bullying perpetration of non-deviant youth was more tightly influenced by high junk food intake than the bullying perpetration of deviant youth, due to their higher biological sensitivity to the effects of an unhealthy diet. According to the social push hypothesis (58), aggressive youths devoid of environmental risk – not involved in deviant behavior and without deviant peer affiliations – are often prone to be influenced by biosocial risk factors (such as nutritional inadequacies arising from unhealthy eating) that can “push” them towards aggressive acts, in relation to youths who are within a context of greater risk for deviant behavior. The idea is that the greater the intake of junk food, the less space available for the nutrients and chemicals needed to nourish the brain, which may lead to more violence (59). The literature also indicates that adolescents who perpetrate overt forms of bullying (e.g., physical aggression and property destruction) have lower levels of fear reactivity and effortful control and commit more direct aggressive acts that generally break social norms (28), compared to perpetrators of covert violence (60).

Understanding how food consumption could be associated with bullying perpetration (e.g., via deviant behaviors) is essential for the adoption of approaches that can prevent or mitigate violent behaviors among adolescents since unhealthy eating represents a modifiable risk factor that can be improved through nutrition promotion initiatives (57, 61) which incorporate healthy dietary components (e.g., vegetable and fruit consumption) into the adolescents’ diet (62). Some studies suggest incorporating these dietary components during the earliest stages of the life course (63, 64), as they may help to reduce early-onset deviant behaviors and, in turn, decrease the perpetration of bullying. However, nutritional interventions during later stages of the life course can also generate beneficial effects (19, 65), especially in schools, which can encourage the adoption of healthy behaviors (e.g., healthy diets, physical activity, rather than substance use, and delinquency) that improve adolescents’ quality of life (66). In Brazil, specifically in public schools, the National School Feeding Program (Programa Nacional de Alimentação Escolar – PNAE) encourages and ensures the right to adequate and healthy food for children and adolescents (67).

In schools, the literature indicates that teachers may influence the way students interact with each other (68), guiding and shaping their behavior through classroom pedagogical strategies (69–71) such as circle time (or “group thinking time”). In this activity, students sit in a circle and the teacher encourages them to explore issues relevant to the class (e.g., respecting the rights of others, bullying) (66). Thus, the adolescents acquire school connectedness (72) and internalize the moral norms of a safer and equal school environment, manifesting less aggressive and delinquent behaviors (73, 74). The partnership between teachers, school adolescents, and family is very important for young people to understand moral norms about deviant behavior and bullying and what is right and wrong in peer relationships (75, 76).

To the best of our knowledge, this is the first study that assessed the association between an ultra-processed dietary pattern and different types of bullying, valuing its intentionality and repetitive features (77), and the mediating role of deviant behaviors on this association. This analysis allowed the obtainment of different mediation percentages depending on the type of perpetration reported by a significant sample of adolescents (overall response rate: 94.8%).

The SP-PROSO questions about food consumption in the past 7 days are similar to questions from the previously validated PeNSE questionnaire (Brazilian National School-Based Health Survey) in Brazil (78), allowing a broad assessment of food consumption even considering a small number of healthy and ultra-processed foods in the dietary patterns. A better evaluation of adolescent’s eating habits was possible, through a combination of different food items and nutrients (79). Moreover, following recommendations for culturally sensitive translations (80, 81), the instrument was translated into Portuguese and pre-tested in five schools to better assess the phrasing and understanding of the questions by the students (30).

Despite the strengths, some limitations in our study warrant consideration. First, the study’s cross-sectional design does not allow us to establish causal inferences between the ultra-processed dietary pattern and types of bullying perpetration. Future longitudinal studies should explore the possible causal links between these variables. Second, considering that SP-PROSO is a school-based survey, only adolescents attending school and present in class on during data collection moments were included, which means that our results may not apply to perpetrators of bullying who miss classes or are not enrolled in regular education (82). There was a notable sample loss, but a representative number of Brazilian 9th grade students was still assessed.

Our data were self-reported, which could result in some degree of misreporting (non-differential information bias) in questions about bullying engagement (83) and consequently underestimate the prevalence of this violence. Nonetheless, scores on the 10-item self-report measure of adolescent bullying (Z-PROSO) were validated and provided a reasonable general measure of perpetration that can be used for adolescents of all age groups (84). Other studies have used similar questions for the same exposure (85, 86) and outcomes (87), suggesting that we have properly identified them and enabling comparisons with our results.

We conclude that the association between ultra-processed dietary pattern and bullying may occur via deviant behaviors (mediating effect), with different mediation percentages for each type of bullying perpetration. For physical aggression and property destruction, such association can also happen through pathways other than the mediator tested in this study. These findings are important for the planning and implementation of actions to prevent and manage delinquent behaviors and the practice of school violence, as well as actions to encourage healthy eating among adolescents.
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