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Background: Mediation analysis is important to test the theoretical framework underpinning an intervention. We therefore aimed to investigate if the healthy body image (HBI) intervention’s effect on eating disorder (ED) symptomatology and use of muscle building supplements was mediated by the change in risk and protective factors for ED development and muscle building supplement use.

Methods: This study used data from the HBI intervention: a cluster randomized controlled universal intervention aiming to promote positive body image and embodiment and reduce the risk for ED development including 30 schools in Norway. A total of 1,713 (37% boys) participants were included in the analyses. Conditional latent growth curve analyses were performed to test for indirect effects on ED symptomatology and weekly frequency of protein and creatine supplement use measured at the 12-month follow-up via change in the proposed mediators.

Results: In girls, the reduction in ED symptomatology was mediated by positive changes in protective factors (self-esteem and body image flexibility) and reductions in risk factor scores (perceived media pressure and thin appearance internalization). Comparable changes in protective and risk factors among boys played no mediating role.

Conclusion: Interventions aiming to reduce the risk of ED development in girls may benefit from aiming to enhance self-esteem and body image flexibility and reduce perceived media pressure and thin appearance internalization. Future studies should investigate the casual relationship between muscle building supplement use and risk and protective factors for ED development in both girls and boys.
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INTRODUCTION

Evidence suggests that interventions aiming to prevent eating disorders (EDs) should target established risk and protective factors for ED development such as internalization of appearance ideals, perceived appearance pressure, self-esteem, and peer environment and positive emotion coping strategies, such as body image flexibility (Watson et al., 2016; Le et al., 2017; Rogers et al., 2018; Stice and van Ryzin, 2019; Linardon et al., 2021). The reviews also highlight that targeting media literacy using interactive education, challenging cognitive dissonance with multiple sessions, seems to be effective in universal ED prevention in adolescents (Stice et al., 2008, 2013; Yager et al., 2013; Le et al., 2017).

Sociocultural theoretical framework focus on the role of social and cultural influences on individual development (Lantolf, 2000). This framework is often used to describe and understand how social and cultural factors influence ED development. Sociocultural frameworks has the past decade also been used to explain muscle-oriented body image and muscle building behaviors (Rodgers et al., 2012, 2020; Girard et al., 2018a,b; Carvalho and Ferreira, 2020). The sociocultural theories of body image, ED symptomatology, and muscle building behaviors have been tested and modeled in cross sectional and longitudinal studies (Rodgers et al., 2011, 2012, 2014, 2015; Girard et al., 2018a,b; Carvalho and Ferreira, 2020; Burke et al., 2021; Maher et al., 2021; Schaefer et al., 2021). In summary, these studies suggest that perceived appearance pressure from sociocultural sources (e.g., media, family, and peers) explains body image, ED symptomatology, and muscle building behaviors through mechanisms of appearance internalization and social comparisons. Moreover, recent studies have suggested social media as a source of appearance pressure in explaining body dissatisfaction, ED symptomatology, and muscle building behaviors (Rodgers et al., 2020; Jarman et al., 2021).

Further, the recent evaluations of sociocultural models of body image and ED symptomatology have also included the role of protective factors within the field of positive body image (Tylka and Wood-Barcalow, 2015), such as self-esteem, self-compassion, and body image flexibility. These models highlight that self-esteem may act as a protective factor against appearance pressure, internalization, and comparison (Rodgers et al., 2014, 2020), which suggests that individuals with higher self-esteem may experience less appearance pressure, internalization of unrealistic appearance standards, and more likely to resist comparing themselves with others. However, only one study, and among girls only, has included self-esteem as a potential mediator for intervention effect (Agam-Bitton et al., 2018). Moreover, self-compassion and body image flexibility act as moderators between appearance internalization and social comparison and ED symptomatology (Perey and Koenigstorfer, 2020; Maher et al., 2021). This indicates that the risk of ED development caused by appearance internalization and social comparison may be outnumbered by body image flexibility and self-compassion. Body image flexibility is a core component of positive body image and reflects the ability to maintain behaviors that are consistent with chosen values when negative feelings, thoughts, body sensations, or memories related to one’s own appearance are experienced (Sandoz et al., 2013). High levels of body image flexibility is found to be inversely associated with less adaptive emotion coping strategies, disordered eating (DE), and negative body image and positively linked to positive emotion regulation strategies, body satisfaction, self-compassion, well-being, and quality of life (Rogers et al., 2018). Importantly, there is evidence that body image flexibility could be a component in the ability to hold a positive body image while experiencing body dissatisfaction (Webb, 2015).

In contrast to dieting or weight reduction behaviors, muscle building behaviors have been given less attention in ED prevention interventions (Doley et al., 2021). Research suggests that the use of muscle building supplements, such as protein and creatine supplements, correlates with negative body image and positively with muscular-oriented body dissatisfaction and use of muscle building behaviors in adolescents (Yager and O’Dea, 2014; Yager and McLean, 2020). Muscle building supplement use has also been found to be explained by core ED symptoms, shape concerns, and restrictive eating in young adult males and females; binge eating and compulsive exercise in males; and bulimic behaviors in females (Nagata et al., 2020). In addition, engagement in muscle enhancing behaviors, which include supplement use, predicts dietary restraint in both boys and girls (Rodgers et al., 2020). Yet, a recent study indicates that protein and creatine supplement use could be considered a symptom of DE in boys, but not in girls (Svantorp-Tveiten et al., 2021a). Therefore, to better capture a broader range of factors related to DE and EDs, especially in boys, it seems reasonable to include muscle building supplement use within an intervention aiming to prevent DE and EDs in a sample also including boys. It may be reasonable to assume that interventions with similar methodological strategies as successful ED prevention programs could be effective in preventing muscle building supplement use, as muscle building behaviors may be explained by similar psychological concepts as DE and ED (Rodgers et al., 2020). In addition, the media literacy approach is found to be successful in preventing a wide range of unhealthy behaviors and attitudes other than DE and EDs (Jeong et al., 2012; Rodgers et al., 2020).

Few studies have tested if change in the suggested and targeted risk factors is the actual cause for the intervention’s effect on ED symptomatology or similar main outcomes in universal ED prevention. The perceived media pressure is normally targeted in ED prevention programs along with internalization of a general media or thin appearance ideal (Schwartz et al., 2019). However, the perceived media appearance pressure has not been evaluated as a potential mediator for intervention effects, and only three studies have investigated general media internalization as a mediator in universal prevention interventions (Gumz et al., 2017; Wade et al., 2017; Agam-Bitton et al., 2018). The previous studies have assessed general media internalization and to the best of our knowledge, no studies have investigated actual thin appearance internalization as a mediator in universal ED prevention programs. In addition, athletic and muscular appearance internalization has not been suggested as a mediator in previous studies, which may be important in studies including boys and girls who identifies within the muscular-oriented dimension of body image. Further, no study has included protective factors for ED symptomatology, beyond self-esteem, as mediators in universal ED prevention. Importantly, no studies have considered these mediators in relation to muscle building supplement use and within a randomized controlled trial design allowing to draw casual conclusions. Additionally, investigating if mediation and mechanisms of change from ED prevention intervention differ between girls and boys has been requested by others (Wade et al., 2017) and could provide to the understanding of current evidence that suggests that boys tend to benefit less from universal ED prevention programs than girls (Le et al., 2017). Knowledge about mediating constructs in interventions is important to test the theoretical foundation that the intervention builds on (Stice et al., 2013), to increase the understanding of the causality among variables (Jose, 2016), and to determine which risk and protective factors may have been most important to target in the current intervention in order to further develop or fine-tune the intervention.

The healthy body image (HBI) intervention (Sundgot-Borgen et al., 2018) is a universal school-based intervention aiming to promote positive body image and embodiment and reduce the risk of ED development through targeting risk and protective factors within the sociocultural theory and positive body image (Rodgers et al., 2014, 2020; Piran, 2015; Levine and Smolak, 2016). The HBI intervention targets body image, media literacy, and lifestyle, and it is multicomponent in nature. It uses an interactive delivery strategy aiming to reduce risk for ED development through the promotion of students’ critical understanding of the influence of social and mass media and peers (Sundgot-Borgen et al., 2018). The HBI intervention has shown to be effective in reducing several risk factors for and enhancing protective factors against ED development in adolescent girls and boys (Svantorp-Tveiten et al., 2021b), muscle building supplement use in adolescent boys (Svantorp-Tveiten et al., 2021b), to positively affect eating habits and sleep duration (Sundgot-Borgen et al., 2020a), and to strengthen positive body image in girls (Sundgot-Borgen et al., 2019) through increased self-esteem (Sundgot-Borgen et al., 2020b). However, the effect of the HBI intervention was weaker among boys compared to girls with respect to psychological outcomes. This present study extends the current knowledge about ED symptomatology and muscle building supplement use as outcomes following participation in the HBI intervention. Additionally, the present study brings ahead new knowledge about the mediating role of a broader set of risk and protective factors that may explain why the intervention works. Formally, we examined if the previously reported reduced ED symptomatology observed in girls and muscle building supplement use observed in boys (Svantorp-Tveiten et al., 2021b) were mediated by the change in self-esteem, body image flexibility, thin appearance internalization, athletic and muscular appearance internalization, and perceived media pressure. We also aimed to explore if the change in the proposed mechanisms were similar in girls and boys. We hypothesized that the intervention effect on ED symptomatology and muscle building supplement use was mediated by the change in thin appearance internalization, athletic and muscular internalization, perceived media pressure, self-esteem, and body image flexibility in boys and girls.



MATERIALS AND METHODS


Participants and Procedure

In the fall of 2016, all public and private high schools in the Oslo and Akershus counties in Norway were asked to take part in the study. The request and information about the study were presented to the school principals and administrators. Of the 50 eligible schools, 30 agreed to participate. A total of 3,947 students, aged 16–18 years, and attending the 12th grade were eligible for inclusion. We arranged a meeting at each school and all students were thoroughly informed about the study aims and the implication of participation. They were also requested to provide their email addresses to be reachable. The students subsequently received an information letter, an invitation to take part in the study, and an informed consent letter together with the questionnaires.

After baseline testing, all the students who completed the posttest questionnaire were offered a movie ticket (valued at $15). Due to limited funding, we were only able to invite participants who had consented and partially answered the baseline questionnaire (T1) to the posttest (T2). Additional funding made it possible to re-invite all those who had consented at T1 for the 3-month follow-up (T3), thereby increasing the number of students participating from T2 to T3. All consenting students at T1 were re-invited to the 12-month follow-up (T4). The T2 questionnaire was sent out to the students within 7 days after they had participated in the last workshop.

For the current study, a total of 1,713 adolescents (intervention group: n = 1,130, 37% boys, control group: n = 583, 37% boys) responded on all included questionnaires at baseline and were included in the analyses. All questionnaires were completed electronically outside school hours using the web-based survey tool Survey Xact, by Ramboll, Norway. Figure 1 shows the number of consenting schools and participants at all measurement points for the main intervention study.
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FIGURE 1. Recruitment, randomization, and participant flow. s = number of schools (clusters), n = number of students. The figure presents the number of consenting students. The number of students for the outcome measures varies between the different instruments.




Randomization

The schools (s) were randomly allocated to either the intervention (s = 14) or control group (s = 16) to equalize school size and to capture the urban-rural dimension, ensuring that all regions in the catchment area were included. To minimize contamination biases within the schools, a 1:1 ratio for cluster randomization was applied by an external professional unaffiliated with the project team. Each school represented an individual cluster to reduce the diffusion of effects due to information crossover between intervention and control students.



The Norwegian Healthy Body Image Intervention

The aim of the intervention was to promote positive body image and embodiment and reduce the risk for ED development. The intervention involved three classroom-based and interactive 90-min workshops, focusing on the three topics; body image and self-esteem, social media, and lifestyle. The workshops were led by two female researchers specializing in body image, mental health, and sports and exercise science. Workshop attendance was recorded for every workshop by the intervention facilitators. The control schools had classes as usual and were informed that they could receive an abbreviated workshop after the 12-month follow-up. A comprehensive outline of the HBI intervention rationale, procedure, and content are described in a protocol paper (Sundgot-Borgen et al., 2018), and a brief summary of the intervention is given in Table 1.


TABLE 1. Overview of the content and aims of the three workshops in the HBI intervention.
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Outcomes


Main Outcome Variables

The ED symptomatology was the main outcome variable and was measured with an empirically derived (Friborg et al., 2013) brief version of the eating disorder examination questionnaire (Fairburn and Beglin, 2008) consisting of 11 items (EDEQ-11). The items are scored on a seven-point Likert scale ranging from “no days”/“not at all” to “every day”/“Markedly” (e.g., “Have you had a definite desire to have a totally flat stomach?” or “Has your shape influenced how you think about (judge) yourself as a person?”). All items were added, and an average score was computed. The abbreviated version was found to correspond well with the complete 22-item instrument (Friborg et al., 2013) that discriminates well between patients with ED and healthy individuals (Rø et al., 2015). The internal consistency (α) was 0.94 and 0.91 in girls and boys, respectively.

The muscle building supplement use included protein and creatine supplement use. The protein and creatine supplement use was measured with self-developed questions on the use of supplements and on how many times per week the supplementation was consumed [e.g., “How often during a regular week do you consume protein supplements (e.g., powders/shakes)?”] with values ranging on a five-point Likert scale scored: 0 (never), 1.5 (1–2 days), 3.5 (3–4 days), 5.5 (5–6 days), and 7 (every day).



Mediators

The Rosenberg self-esteem scale (Rosenberg, 1965) is a 10-item instrument measuring global self-esteem using both negative and positive worded items that are scored on a four-point Likert scale ranging from strongly agree to strongly disagree (e.g., “I feel that I’m a person of worth, at least on an equal plane with others”). The total score ranged from 0 to 30 and negatively worded items were reversed so that a higher score represents a higher level of global self-esteem. The α-values were 0.90 and 0.92 for boys and girls, respectively.

The body image acceptance and action questionnaire (BIAAQ) (Sandoz et al., 2013) is a measure of body image flexibility and of the ability to openly experience and accept challenging emotions and thoughts and maintain behaviors that are consistent with chosen values (e.g., not engage in DE behaviors) when negative feelings, thoughts, body sensations, or memories related to one’s own appearance are experienced. The scale includes 12 items (e.g., “I shut down when I feel bad about my body shape or weight”) that are scored on a seven-point Likert scale ranging from “never true” to “always true.” The score ranges from 12 to 84 where negatively worded items were reversed for a higher score to reflect more body image flexibility. The α-values were 0.92 in girls and 0.85 in boys.

The sociocultural attitudes toward appearance questionnaire-4 (SATAQ-4) (Schaefer et al., 2015) was developed to assess the societal and interpersonal aspects of appearance ideals. The questionnaire consists of five individual subscales scored on a five-point Likert scale ranging from “strongly disagree” to “strongly agree.” The subscales “thinness/low body fat internalization” (SATAQ-4 Thin), “athletic and muscular internalization” (SATAQ-4 Muscular), and “perceived pressure from media” (SATAQ-4 Media) were used. The subscale scores range from 1 to 5 where higher scores indicate a higher degree of internalization or perceived pressure (e.g., “I want my body to look very lean,” “I spend a lot of time doing things to look more muscular,” and “I feel pressure from the media to improve my appearance”). The α-values ranged from 0.85 to 0.94 for boys and from 0.91 to 0.95 for girls.




Data Analyses

Independent sample t-test or Mann–Whitney U-test was performed to test if baseline characteristics differed between responders (responded at T1 and one follow-up measure) and dropouts (responded at T1 only). A p-value < 0.05 was considered to indicate a statistically significant differences between dropouts and responders.

To test if there were indirect effects from the intervention to the outcomes, measured at T4, through change in the proposed mediators (T1-T4), conditional latent growth curve (LGC) analyses were performed in Mplus 8.4 (Muthén and Muthén, 2017). All models were performed with the robust maximum likelihood estimator (MLR). Separate models were estimated for each of the proposed mediators, and for both boys and girls. In the conditional models, group belonging (intervention, control) was included as an independent variable, EDEQ, weekly frequency of protein supplement use, and creatine supplement use were included as dependent variables, together with the four waves of the proposed mediators. In all models, the intervention group was coded as 0 and the control group was coded as 1. Within all analyses, we controlled for the baseline scores of all dependent variables (Vickers and Altman, 2001).

To evaluate model fit, we used a combination of the following fit indices (Marsh, 2007); comparative fit index (CFI; > 0.90), standardized root mean residual (SRMR, < 0.08), and the root mean square error of approximation (RMSEA; < 0.08). Full information maximum likelihood (FIML) was used to deal with missing data. More specifically, FIML is considered as the state-of-the-art missing data technique when data are considered to be missing at random (Enders, 2010).

For each parameter within the model, standardized regression coefficients were calculated together with a p-value. For all parameters, a p-value < 0.05 was considered to indicate a statistically significant effect within the model. Significant indirect effects are presented as unstandardized coefficients. In line with suggestions within the literature, we inspected non-symmetric bootstrap CIs to assess mediation (Preacher and Hayes, 2008). These intervals were based on 10, 000 bootstrap samples and together provide an empirical representation of the sampling distribution of the indirect effect (ab). The indirect effect was considered to be statistically significant if the 95% CI did not include zero (Hayes and Rockwood, 2017).

Because the participants were from different schools, we performed sensitivity analyses to investigate if the inclusion of school belonging as a covariate would improve model fit. The Akaike information criterion (AIC) and the Bayesian information criterion (BIC) were inspected to determinate if the inclusion of the covariate improved model fit. The results from all the path analyses showed that the inclusion of school as a covariate did not improve model fit. We therefore decided to present the results for the models without the covariate included.



Ethics

The study met the intent and requirements of the Health Research Act and the Helsinki Declaration regarding informed consent and unconditional withdrawal and was approved by the Regional Committee for Medical and Health Research Ethics (2016/142). This work was supported by the DAM foundation (2016/FO76521), through the Norwegian Woman’s Public Health Association (H1/2016). A commercial sponsor (TINE AS) supported the study after the study protocol was published (Sundgot-Borgen et al., 2018) but was not involved in data collection, data analysis, or the writing of the present article.




RESULTS

A total of 7,336 data points in the variables of interest had no values and were, therefore, treated as missing data (26.17%). A total of 20,692 data points were included in the analyses. Baseline characteristics and outcomes at T4 in intervention and control boys and girls are shown in Table 2. Control boy dropouts consumed significantly more protein (1.71 vs. 0.97) and creatine (1.50 vs. 0.69) per week than control boy responders, respectively. Control girl dropouts consumed more protein (0.55 vs. 0.20) and creatine (0.20 vs. 0.04) per week than control girl responders, respectively. No statistically significant differences in psychometric variables at T1 were observed between dropouts and responders. Path analyses and parameter estimates are illustrated in Figures 2A–E and model fit indices and slope estimates are presented in Table 3.


TABLE 2. Sample characteristics shown as the mean and SD or percentage and number of observations (N).
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FIGURE 2. (A–E) It presents the direct and indirect effects of the healthy body image (HBI) intervention on eating disorder examination questionnaire (EDEQ), protein supplement use, and creatine supplement use via change in (A) body image acceptance and action questionnaire (BIAAQ) (body image flexibility), (B) self-esteem, (C) sociocultural attitudes toward appearance questionnaire-4 (SATAQ-4) thin (thin internalization), (D) SATAQ-4 muscular (muscular and athletic internalization), and (E) SATAQ-4 media (perceived media pressure). Standardized coefficients for boys are placed above the path and for girls under the path. Indirect effects (ab path) are shown as unstandardized coefficients. Significant coefficients are printed in solid black and non-significant coefficients are printed in gray. T1, baseline; T2, posttest; T3, 3-month follow-up; T4, 12-month follow-up. *p ≤ 0.05. The baseline values for the main outcome variables were included as covariates.



TABLE 3. Intercept, slope, and model fit indices for the mediation models for each mediator.
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Self-Esteem

As illustrated in Figure 2A, there was a significant positive relationship between group belonging and change in self-esteem indicating a less steep decrease in self-esteem for boys in the intervention group in comparison to boys in the control group (a path). In girls, the results showed a significant positive relationship between the group belonging and protein supplement use and creatine supplement use at T4 (c path). Also, there was a significant positive relationship between group belonging and change in self-esteem between T1 and T4 (a path), as girls in the intervention group showed, on an average, a significant higher increase in self-esteem than the girls in the control group. Also, there was a significant inverse relationship between change in self-esteem and EDEQ at T4 indicating that an increase in self-esteem from T1 to T4 was associated with lower levels of EDEQ at T4 (b path). Finally, there was a significant indirect effect of group belonging to EDEQ at T4 via change in self-esteem (Figure 2A) in girls.



Body Image Flexibility

The only significant path for boys was between change in BIAAQ and EDEQ (b path) at T4 indicating that an increase in BIAAQ was associated with lower levels of EDEQ (Figure 2A). As shown in Figure 2B, girls in the intervention group used, on an average, significantly more protein supplement use measured at T4 than girls in the control group (c path). Girls in the intervention group showed, on an average, a significant higher increase in BIAAQ than the girls in the control group (a path). Also, there was a significant inverse relationship between change in BIAAQ and EDEQ at T4 indicating that an increase in BIAAQ was associated with lower levels of EDEQ (b path). Last, there was a significant indirect effect of group to EDEQ at T4, via change in BIAAQ (ab path).



Thin Internalization

As presented in Figure 2C, in boys, there was a significant inverse relationship between change in SATAQ-4 thin and level of creatine supplement use at T4 (b path). For girls, there was a significant inverse relationship between group belonging and change in SATAQ-4 thin between T1 and T4 (a path). More specifically, girls in the intervention group showed, on an average, larger decrease in SATAQ-4 thin compared with the girls in the control group. Also, there was a significant positive relationship between change in SATAQ-4 thin and EDEQ at T4, as well as a significant inverse relationship between change in SATAQ-4 thin and creatine supplement use (b paths). This indicates that a greater decrease in SATAQ-4 thin from T1 to T4 was associated with lower EDEQ, but more creatine supplement use at T4. Lastly, there was a significant indirect effect of group belonging to EDEQ as well as creatine supplement use both measured at T4, via change in SATAQ-4 thin.



Muscular Internalization

As illustrated in Figure 2D, there were no significant direct or indirect effects in boys. In girls, the results showed a significant positive relationship between the group belonging and creatine supplement use at T4 (c path). Also, there was a significant inverse relationship between group belonging and change in SATAQ-4 muscular between T1 and T4 (a path). More specifically, girls in the intervention group showed, on an average, larger decrease in SATAQ-4 muscular compared with the girls in the control group.



Perceived Media Pressure

As shown in Figure 2E, there was a significant inverse relationship between group belonging and creatine supplement use measured at T4 in boys (c paths). In girls, there was a significant inverse relationship between group belonging and change in SATAQ-4 media between T1 and T4 (a path). More specifically, girls in the intervention group showed, on an average, larger decrease in SATAQ-4 media compared with the girls in the control group. Also, there was a significant positive relationship between change in SATAQ-4 media and EDEQ (b path). Lastly, there was a significant indirect effect of group belonging to EDEQ in girls (Figure 2E).




DISCUSSION

The aim of this study was to investigate potential mediators accounting for the effect of the HBI intervention on ED symptomatology and muscle building supplement use in adolescent boys and girls. We hypothesized that the intervention effect on ED symptomatology and muscle building supplement use was mediated by the change in thin appearance internalization, athletic and muscular internalization, perceived media pressure, self-esteem, and body image flexibility in boys and girls.

Our hypothesis was partially supported as the reduction in ED symptomatology observed at the 12-month follow-up in intervention girls was explained by an increase in self-esteem and body image flexibility, and a reduction in thin internalization and perceived pressure from media. However, the change in the tested mediators did not explain the 12-month follow-up score on ED symptomatology in boys or muscle building supplement use in boys and girls.


Self-Esteem

We found that the increase in self-esteem in intervention girls relative to control girls from baseline to 12-months follow-up explained the lower ED symptomatology among intervention girls at 12-months follow-up. This is a novel finding and is in contrast to a previous study that did not find that self-esteem mediated the effect of an universal ED prevention program on body image or body esteem (Agam-Bitton et al., 2018). There may be several potential explanations why increased self-esteem may facilitate reductions in ED symptomatology. Studies suggest that body dissatisfaction negatively influences self-esteem (Meland et al., 2021), where self-esteem may act as an important mediator between body dissatisfaction and DE through influencing negative affect (Cruz-Sáez et al., 2020). In contrast, other studies suggest that contingencies of self-esteem related to encouraging love, appearance, and social acceptance may protect against ED development as they predict lower body surveillance and higher body satisfaction (Overstreet and Quinn, 2012). Lastly, high self-esteem may explain lower dietary restraint both through lower body dissatisfaction and by possibly reducing appearance internalization and upward appearance comparison (Rodgers et al., 2020). As such, the increased self-esteem observed in the intervention girls could have caused the reduced ED symptomatology either directly or through influencing other risk or protective factors for ED symptomatology. The HBI intervention aimed to make the students recognize and value their own personal characteristics and what they appreciate in their significant others. This may have enhanced beliefs that their personal characteristics are important and valuable, independent of how they look, which is suggested as an important factor for self-esteem (Overstreet and Quinn, 2012). In addition, targeting social media usage and reducing exposure to content that negatively influences body image may have facilitated the increase in self-esteem (Steinsbekk et al., 2021).



Body Image Flexibility

We also observed a greater increase in body image flexibility over the study period among intervention girls compared with control girls. This intervention effect on body image flexibility further explains why intervention girls, relative to control girls, had reduced their ED symptomatology 12-months after the intervention. Body image flexibility is an important component of positive body image, and a measure of the ability to openly experience and constructively cope with emotions, events, and thoughts challenging their body image (Sandoz et al., 2013). Therefore, an increase in body image flexibility may result in less engagement in unhealthy appearance modifying behavior; a characteristic and less favorable coping strategy to stress. Hence, an increased body image flexibility may protect against developing EDs. Body image flexibility is associated with numerous psychological outcomes related to well-being and psychopathology (Linardon et al., 2021). However, most studies are cross-sectional and do not investigate the causal relationship. Therefore, our finding, that the change in body image flexibility over 12-months predicted the 12-month intervention effect on ED symptomatology in regular adolescent girls, is therefore a novel and encouraging finding that is not described elsewhere. The previous research finds that holding a more positive body image is associated with higher self-care, being more connected to one’s body, and being more engaged in health promotive behaviors (Homan and Tylka, 2014; Piran, 2015, 2019). Promoting positive body image and embodiment was targeted in the HBI intervention by challenging the students to recognize how lifestyle choices made them feel. They were encouraged to intentionally make lifestyle choices that could enhance their own body experience and functionality rather than focusing on appearance. In addition, the content aiming to make the students recognize unhealthy and untrustworthy lifestyle information from influencers and media in general could have made them more literate against the use of unhealthy methods to change appearance, and rather stay true to their own chosen values reflected in strengthened body image flexibility.

Our findings, that both body image flexibility and self-esteem act as significant mediators for the intervention effect on ED symptomatology, support the suggestion that a health promotive approach with a focus on positive body image may be beneficial in future programs aiming to prevent EDs in girls from an universal population (Piran, 2015).



Perceived Appearance Pressure and Internalization

The mediating effect of perceived appearance pressure and thin appearance internalization, is in line with different sociocultural and biopsychosocial models of EDs (Rodgers et al., 2014, 2015; Girard et al., 2018b). These models suggest that perceive appearance pressure explains DE or ED symptomatology through the pathways of increased appearance internalization, appearance comparison, and negative body image. This means that the reduction in perceived appearance pressure is expected to make girls less likely to compare themselves to unrealistic appearance standards, which in turn reduces appearance internalization (Rodgers et al., 2015; Stice and van Ryzin, 2019). The favorable changes in perceived appearance pressure and thin appearance internalization observed among our intervention girls could, in light of sociocultural models, have resulted in the girls being less concerned about their appearance, prevented ED symptomatology, and finally reduced their risk of developing EDs (Rodgers et al., 2015, 2020; Stice and van Ryzin, 2019). Several pathways to reduce appearance internalization and its negative impact on body image and ED risk have been suggested in the literature. McLean et al. (2013, 2016) describe the importance of increased media literacy to strengthen critical thinking and evaluation of media messages related to appearance. This is thought to reduce internalization and it’s negative impact on body image and ED risk (McLean et al., 2013, 2016). The HBI intervention targeted media literacy (i.e., the typical idealization portrayed in social media, the origin of idealization, and personal reflection on emotional responses), which may have strengthened the girls media literacy and made them more resilient toward social media messages and thin appearance internalization. The students were also challenged to be more selective on what social media content they would prioritize, in order to feel good about themselves. Addressing the perfectionistic life in social media, and creating an arena for the students to reflect and discuss on this, may have made the girls more aware, critical, and literate (Jeong et al., 2012). The intervention content addressing the perfectionistic lifestyles could also have strengthened the girl’s health literacy, which may be a successful strategy when aiming to improve body image, reduce appearance internalization, and reduce the risk for ED development (Zuair and Sopory, 2020). The result from such discussions and reflections could be a development of cognitive dissonance against idealized appearance standards (Stice et al., 2015). Lastly, Wade et al. (2017) point out the importance of change in attitudes toward appearance standards in the peer environment in ED prevention. Positive change in the peer environment was also aimed for within the HBI intervention and could have acted as another pathway toward reduced appearance pressure and internalization in our sample. Peers plays an important role in adolescents body image and DE as they may be important sources of appearance pressure (Kenny et al., 2017) and predict body dissatisfaction and DE in adolescents (Amaya-Hernández et al., 2017). The HBI intervention aimed to create a collective change in attitudes toward appearance by discussing and providing the students tools and skills to create a more body image friendly and accepting peer environment with less emphasis on appearance. To reduce unhealthy appearance focus transmitting in the peer environment, the HBI intervention aimed to reduce “fat talk” and worked with the students to eliminate appearance focus in their daily communication, and practice focusing on personal characteristics in their communication with their peers. In addition, the HBI intervention aimed to make the students aware of how they could be positive influences for their friends and peers in social media and make them less likely to “like,” “share” comment and post appearance focused content on different social media platforms. Additionally, a novel finding was that targeting and creating change in muscular appearance internalization did not explain the girls ED symptomatology 12-months after the intervention. This suggests that targeting muscular idealization may be unnecessary in future ED prevention interventions in girls.

However, other factors may also explain the relationship among the intervention, the tested mediators, and ED symptomatology 12-months after the intervention. The intervention girls scored higher on self-esteem and lower on ED symptomatology than the control girls at baseline. This may indicate that girls from the intervention group already possessed several favorable resources making them more robust toward challenging life events and emotions. These resources might also make these girls more adaptable to further development of self-esteem, body image flexibility, appearance internalization, perceived media pressure, and ED symptomatology (De Ruiter et al., 2017; Gurung et al., 2019).

None of the tested mediators accounted for ED symptomatology at the 12-month follow-up in boys. This may be explained by the fact that we did not observe any effect of the HBI intervention on ED symptomatology in boys in the effect analyses (Svantorp-Tveiten et al., 2021b). A direct effect between group and body image flexibility, and between body image flexibility and ED symptomatology, was observed. This suggests that strengthening body image flexibility could prevent ED symptomatology in boys. Our results, however, also indicate that the HBI intervention did not create enough enhancements in body image flexibility to create any reductions in ED symptomatology among boys. Surprisingly, our results also suggest that creating enhancements in self-esteem, reduced perceived media pressure, and appearance internalization not necessarily facilitates changes in ED symptomatology in boys as no other direct effects between the mediator and ED symptomatology were observed.



Muscle Building Supplement Use

We have previously found that the HBI intervention had no effect on muscle building supplement use in girls (Svantorp-Tveiten et al., 2021b). However, we assume that the association found between muscle building supplement use and dropout at follow-up in boys and girls most likely has influenced the results and ability to draw conclusions. Possibly influenced by dropout, the mediation analyses showed more frequent supplement use in intervention girls relative to control girls at 12-month follow-up, which was partly explained by a reduction in thin internalization. This is in contrast to previous research findings in girls that muscle building behaviors or muscularity concerns are positively explained by appearance pressure and appearance internalization either directly (Girard et al., 2018b) or through the pathway of appearance comparison and body dissatisfaction (Rodgers et al., 2020). As such, our results highlight a possible complexity when aiming to prevent both muscle building supplement use and ED development in girls, which has not been described previously. Similar findings were present in boys as our results suggest that a greater reduction in perceived appearance pressure and thin internalization explained more creatine supplement use in boys at 12-months follow-up independent of group belonging. These findings are in contrast to previous literature explaining muscle building behaviors that suggest that higher appearance pressure and muscular appearance internalization may lead to muscle building behaviors (Girard et al., 2018a; Rodgers et al., 2020). Our finding may indicate that the use of muscle building supplements is multifaceted in nature and that adolescents use muscle building supplements for other reasons than enhancing muscularity. Especially in girls, where we previously found that use was not associated with ED risk factors, and that engagement in sport and exercise were important independent explanatory factors for muscle building supplement use in boys (Svantorp-Tveiten et al., 2021a).

Even if the HBI intervention prevented muscle building supplement use in boys (Svantorp-Tveiten et al., 2021b), none of the tested mediators accounted for the prevention effect on muscle building supplement use in boys. These findings indicate that enhancing self-esteem and body image flexibility may be unnecessary if the only aim is to prevent muscle building supplement use in boys. It may also suggest that other topics in the HBI intervention, which were not measured, were the reason for these changes, such as increased knowledge and literacy toward nutrition, exercise, and health information (i.e., eating well-balanced, regular meals with ordinary food is more important that using supplements). Our results on muscle building supplement use are in line with the findings from a roughly comparable study aiming to prevent muscle building supplement use and doping (Lucidi et al., 2017). This study found that using a media literacy approach and targeting nutritional knowledge and literacy prevented the use of muscle building supplements. The hypothesis that increased knowledge may explain the effect in supplement use among boys may be strengthened by previous mediation analyses from the ATHENA program showing that improving knowledge about nutrition and doping was the initial mediator accounting for the change in several psychological and attitudinal constructs explaining doping intentions and behaviors (Ranby et al., 2009).



Strengths and Limitations

One of the strengths of this study was the use of a cluster randomized control trial with a longitudinal design including four measurement timepoints allowing for testing change over time and use of standardized and validated psychological instruments. Another strength is the inclusion of several potential mediators, analyses stratified by gender, and including mediators not tested previously in universal ED prevention interventions, and the fact that this is the first study to investigate mediating factors for intervention effects on muscle building supplement use in a universal sample of boys and girls.

Moreover, the sample size was larger than in most previous prevention studies. However, we faced a substantial loss to follow-up and reduced statistical power at the 12-month follow-up. Also, dropout status was associated with muscle building supplement use in the control group. The randomization was performed at a school level to limit the risk of spillover effects between intervention and control students. However, randomization on school level may have increased the risk for self-selection bias and a possibly healthier intervention group compared with control group at baseline (e.g., individuals with more positive outcomes chose to participate in the HBI intervention).

In addition, the use of single mediation models limits the ability to draw conclusion about how interactions between the different mediators might have influenced the outcomes. Moreover, the analyses did not allow for randomization of the relationship between the change in mediator and the outcome. Therefore, caution should be made when evaluating the casual relationship between the estimated mediator slope and the main outcome. The relationship between the mediator and the outcome is contemporary as the change in the mediator and the outcome occurs within the same time period (Zhu et al., 2021). The change in outcome may, however, causes the change in the mediator, when the mediator and the outcome are measured at the same time (Holland, 1988).



Implications

The professionals working with adolescent girls in an universal setting could aim to increase the girls’ health and media literacy, to stimulate reflections about possible intentions and impacts of (social) media messages, and to strengthen their resilience toward unhealthy and unrealistic appearance standards, notably a thin appearance ideal. Also, the professionals could have additional focus on enhancing the adolescents’ ability to accept and constructively cope with thought, emotions, and experiences challenging their body image, and perform tasks and discussions to strengthen the adolescent girls’ self-esteem. Future studies should investigate the casual relationship between psychological and behavioral factors and muscle building supplement use in both girls and boys, as our study did not confirm previous research explaining muscle building behaviors. In addition, more knowledge on the mechanisms of change related to ED symptomatology in boys are warranted. Future studies could also investigate mediators in a serial multiple mediation model to disentangle how the potential mediators are related and how they together explain changes in ED symptomatology and muscle building supplement use in boys and girls.




CONCLUSION

The results support that the HBI intervention is successful in changing mediators within the sociocultural theoretical model of EDs and positive body image in girls. Our results suggest that targeting self-esteem, body image flexibility, perceived appearance pressure, and thin appearance internalization are beneficial when aiming to reduce the risk for ED development in adolescent girls, but not in boys. None of the suggested mediators acted as mediators for muscle building supplement use in neither boys nor girls.
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