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Objective: To study the effect of physical exercise on non-suicidal self-injury in adolescents and to verify the chain mediating role of perceived social support and self-concept. Methods: A survey study was conducted on 1,426 adolescents in Chengdu, Sichuan Province. A chain mediation model was used to verify whether perceived social support and self-concept played a mediating role.

Results: Physical exercise was significantly negatively associated with non-suicidal self-injury in adolescents (β = −0.53, p < 0.01) and significantly positively associated with perceived social support and self-concept (β = 0.52, 0.54, p < 0.01), and perceived social support and self-concept were significantly negatively associated with non-suicidal self-injury (β = −0.59, p < 0.01; β = −0.64, p < 0.01), and perceived social support was able to significantly and positively associate self-concept (β = 0.76, p < 0.01).

Conclusion: Perceived social support and self-concept play a chain mediating role in the effect of physical exercise on non-suicidal self-injury in adolescents, and it is recommended that the development of perceived social support and self-concept be emphasized during adolescents’ development, which has the potential to reduce the incidence of non-suicidal self-injurious behaviors in adolescents.
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1. Introduction

In a report by the World Health Organization, it was stated that suicide is the second leading cause of death among young people aged 15–29 worldwide (1), where non-suicidal self-injury (NSSI) is an important predictor of suicidal behavior (2), and NSSI has become an increasingly serious global public health problem (3). Non-suicidal self-injury is defined as: an act in which an individual intentionally injures and directly damages his or her own body tissues without suicidal intent, commonly by cutting, stabbing, or excessive friction, which can cause bleeding and bruising, and this behavior is socially unacceptable (4, 5). In recent years, the prevalence of NSSI in the adolescent population and its harmful effects have received widespread attention, and a Meta-analysis showed that the percentage of Chinese secondary school students who had experienced NSSI behaviors was 22.37% (6). This indicates that Chinese adolescents are facing serious problems with the prevalence of NSSI behaviors and that individuals are less able to deal with their negative emotions at the adolescent stage and are prone to extreme NSSI behaviors (7). Given the high prevalence and negative effects of NSSI in adolescents, it is necessary to investigate and analyze the factors and mechanisms influencing NSSI.

A large number of studies at home and abroad have explored the risk and protective factors for suicidal behavior from a biopsychosocial as well as a cultural perspective, and physical exercise has been mentioned in some of these studies as a potential protective factor for suicidal behavior. Perceived social support is often used as a mediating variable, and participation in physical exercise promotes individuals’ access to social support, and perceived social support increases as a result. Perceived social support may serve as a protective factor for adolescents and may reduce mental health problems and high-risk behaviors (including non-suicidal self-injury). According to the multidimensional and hierarchical conceptualization of self-concept, physical exercise may be a contributing factor to improved self-concept, i.e., physical exercise may promote the development of self-concept. Non-suicidal self-injury fundamentally involves directing harmful behaviors toward the self; therefore, self-concept is a potential determinant of non-suicidal self-injury. Research suggests that more critical, hostile, or negative perceptions of oneself are associated with a greater risk of non-suicidal self-injury. The cognitive-emotional model of non-suicidal self-injury further emphasizes that self-concept is important in the occurrence of non-suicidal self-injury, i.e., self-concept may mitigate non-suicidal self-injury.

Physical exercise refers to physical activities in which people make their own choices according to their physical needs, use various means of physical activity and combine them with the forces of nature and hygienic measures in order to develop their bodies, improve their health, strengthen their physique, regulate their spirituality, enrich their cultural life and dispose of their leisure time (8). Numerous studies have shown that regular physical activity can reduce people’s stress, depression, and enhance their sense of well-being (9–11). Studies have shown that there is a strong link between mood and NSSI, with people with NSSI having higher levels of negative mood than those without NSSI (12). Emotion management theory states that when individuals are experiencing the effects of negative emotions, it is likely that NSSI will be used to manage negative emotions. NSSI is widely used as a means to reduce emotional distress when individuals have difficulty regulating negative emotions (13–15). Physical exercise has a significant negative impact on negative emotions, and participation in physical exercise can promote the secretion and release of β-endorphins in the body, making individuals feel pleasure and reducing the effects of negative emotions (16), which can reduce the frequency of NSSI. From a neurobiological perspective, physical exercise is considered to be one of the most direct and effective ways to alleviate negative emotions such as depression because of its ability to effectively regulate neurotrophic factor concentrations, glucocorticoids, and morphological structures in specific parts of the central nervous system (17). Numerous empirical studies have also proved that regular and moderate physical exercise has a good effect on reducing emotional experience, suppressing individual mood swings and serving to reduce the level of negative emotions (18). In addition, stressful life events (interpersonal relationships, family relationships, academic performance) are important influences on adolescents’ NSSI (19). Adolescents use NSSI as a way to regulate stress when experiencing stressful life events, and stressful life events increase the prevalence of NSSI in adolescents (20–22). There is a negative correlation between physical activity and stressful life events, and reasonable physical activity can enhance an individual’s frustration tolerance and thus reduce the negative impact of stressful life events (23). In addition, physical exercise can reduce negative psychological conditions and improve the psychological state of people with NSSI, thus reducing NSSI. Physical exercise may act as a protective mechanism, especially in individuals with depressive symptoms, to inhibit the behavioral impulses of NSSI (24). In summary, the following hypotheses were formulated in this study:


Hypothesis 1 (H1): Physical exercise is negatively associated with non-suicidal self-injury in adolescents.
 

Perceived social support refers to the emotional experience and satisfaction of individuals who feel respected, supported and understood in society. It influences human behavior and development through the psychological reality of subjective perception of support, and exhibits a gainful function on individual mental health. Perceived social support is a part of social support, as opposed to actual social support (the actual help provided by elements of the surrounding environment when the individual is under stress or in distress), and is the individual’s perceptual evaluation of the social support received in the life environment, and the higher the level of perceived social support, the higher the level of life satisfaction (25). Research on social support has shown that perceived social support (subjective feelings) is more meaningful than objective social support and better highlights an individual’s level of mental health (26). Perceived social support may act as a protective factor against suicide and self-harm and reduce high-risk behaviors in adolescents (27, 28). When individuals have lower levels of perceived social support, they develop higher levels of negative emotions and have a higher probability of NSSI (29), and higher levels of perceived social support have a lower probability of NSSI in the face of stress or negative emotions (30), i.e., there is a negative correlation between perceived social support and NSSI. Social support theory suggests that one of the important ways to promote physical activity is to provide support before exercise, for example, by explaining how to exercise. In addition, physical exercise is not only an individual sport, but most of the time it needs to be done by multiple people, during which they are able to meet like-minded people according to their interests, promote social skills, and gain social support. Regular physical activity and increased interaction with family, friends, and others can promote the development of mental health and more social support perceived by individuals, i.e., there is a positive correlation between physical activity and perceived social support (31). In summary, the following hypotheses were formulated in this study:


Hypothesis 2 (H2): There is a mediating role of perceived social support between physical activity and non-suicidal self-injury.
 

Self-concept refers to an individual’s knowledge and understanding of himself or herself, and is a person’s overall understanding of his or her own psychology, physical characteristics, values, behavior, and role positioning. Self-concept is an important foundation for an individual’s self-identity and self-esteem, as well as an important guide and determinant of an individual’s behavior and psychology (32). Studies have shown that physical activity is closely related to self-concept and that participation in physical activity can be effective in developing some elements of self-concept (33), i.e., physical activity can develop positive self-concept in adolescents and promote psychological health development by improving body satisfaction and body self-concept (34), and there is a positive correlation between physical activity and self-concept. It is clear from the concept of NSSI and the object of the behavior occurring that NSSI is fundamentally about inflicting hurtful behaviors on oneself, so the processes associated with perceiving the self may be important, and therefore self-concept is a potential determinant of NSSI (35, 36). Empirical studies have shown that adolescents with a history of NSSI have lower self-concept scores than their peers without a history of NSSI (37) and that adolescents with NSSI exhibit higher levels of worthlessness and insecurity compared to non-NSSI adolescents (38). The above findings further confirm that the association between self-concept and NSSI is significant (39). In summary, the following hypotheses were formulated in this study:


Hypothesis 3 (H3): There is a mediating role of self-concept between physical activity and non-suicidal self-injury.
 

The above analysis suggested separate mediating roles for perceived social support and self-concept between physical activity and non-suicidal self-injury in adolescents. However, it has been shown that there is a correlation between perceived social support and self-concept, and that an increase in the level of perceived social support drives the development of self-concept; the more support individuals perceive from family, friends, and others, the higher their level of mental health, and thus the clearer their perception of self and the higher their level of self-concept, i.e., there is a positive correlation between perceived social support and self-concept (40, 41). Physical exercise promotes the development of individual perceived social support, adolescents feel more support from all aspects of society and improve their self-concept, and the combined effect of the two enhances adolescents’ positive state of mind and reduces the probability of NSSI. In summary, the following hypotheses are proposed in this study:


Hypothesis 4 (H4): There is a chain mediating effect of perceived social support and self-concept between physical exercise and non-suicidal self-injury.
 

Based on the above hypotheses, a multiple mediation model of physical exercise and non-suicidal self-injury was constructed (Figure 1).
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FIGURE 1
 Hypothetical model diagram.




2. Methods


2.1. Participants and procedures

Based on the questionnaire-based research design, a random sampling method was used for students from 10 middle schools in Chengdu City, with up to 150 students from each middle school, students aged between 14 and 18 years old, and the questionnaires were sent to the participants between August and December 2022, with a total of 1,500 questionnaires distributed, and 1,426 valid questionnaires were received, with a sampling validity rate of 95.06%. The demographic characteristics of the sample, see Table 1. Inclusion criteria included (1) enrolled middle school students between the ages of 14 and 18 years old; (2) informed consent and voluntary participation; (3) ability to fill out surveys with the help of parents or the school microcomputer room; (4) having had at least one non-suicidal self-injurious behavior of varying degrees of severity. Exclusion criteria included (1) repeated invalid questionnaires and (2) questionnaires that took less than 1 min to complete. The study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of Chengdu Sport University (code 2022–85, approved 15 August 2022). All tests were communicated to each participant before the survey began, and consent was obtained from the participants themselves, their schools, teachers, and parents.



TABLE 1 Demographic characteristics of the samples.
[image: Table1]



2.2. Instruments


2.2.1. Physical activity rating scale

The Physical Activity Rating Scale (PARS-3), revised by Liang Deqing, was used (42). The measurement contains 3 dimensions of physical exercise: time, frequency, and intensity. Both intensity and frequency were scored from 1 to 5, and time was scored from 0 to 4. The amount of physical exercise = intensity score × time score × frequency score. The assessment criteria were: ≤19 as small exercise; 20–42 as moderate exercise; ≥43 as large exercise. In this study, the Cronbach’s alpha coefficient was 0.62.



2.2.2. Non-suicidal self-injury scale

The Adolescent Self-Injurious Behavior Questionnaire (43), developed by Feng Yu, was used to assess NSSI behaviors that occurred in adolescents during the past year. It was mainly used to assess the degree of NSSI behaviors of the subjects and included two subscales, self-injury frequency and self-injury degree. The frequency of self-injury was scored from 0 to 3, and the degree of self-injury was scored from 0 to 4. The total score = frequency of self-injury score × degree of self-injury score, with higher scores indicating higher levels of non-suicidal self-injury. In this study, the Cronbach’s alpha coefficient was 0.87.



2.2.3. Perceived social support scale

The Chinese version of the Multidimensional Scale of Perceived Social Support (MSPSS) developed by Dahlem et al. (44) and translated and revised by Huang Li et al. (45) was used. The scale consists of 12 items, including three dimensions of individual perceived support from family, friends, and others, with four items each. The scores from “strongly disagree” to “fully agree” correspond to 1–7, respectively, and higher scores indicate higher perceived social support. In this study, the Cronbach’s alpha coefficient was 0.86.



2.2.4. Self-concept scale

The Tennessee Self-Concept Scale (TSCT), developed by psychologist Fitts and revised by Lin Bang-Jie (46) in Taiwan, was used. The scale consists of 70 questions, including 2 dimensions of self-concept and composite status, with 10 factors to describe multidirectional self-concept. The higher the score on the first 9 factors, the more positive the self-concept, and the higher the score on the self-criticism, the more negative the self-concept. In this study, the Cronbach’s alpha coefficient was 0.93.




2.3. Statistical methods

Statistical analysis was performed using SPSS 26.0 and AMOS 24.0. This included common method bias test; independent sample t-difference test; Pearson correlation analysis; regression analysis of relevant variables; model fit analysis; and Bootstrap sampling test.




3. Results


3.1. Common method bias test

Since the data for the study came from a subjective questionnaire, a common method bias test was conducted on the variables involved in the study. Harman’s one-way test was used to test for common method bias, and 13 common factors with eigenvalues greater than 1 were obtained, and the first factor explained 27.32% (<40%), so the study did not have significant common method bias and met the statistical requirements (47).



3.2. Demographic differences

The demographic characteristics of the sample for this study included: gender, home location, and whether or not they were only children, and different gender, home location, and whether or not they were only children may differ on non-suicidal self-injury. Therefore, t-test and ANOVA were utilized to test whether different demographic characteristics in the sample differed on non-suicidal self-injury, see Table 2. There was no difference in non-suicidal self-injury among adolescents by gender (p = 0.400 > 0.05); no difference in non-suicidal self-injury by family location (p = 0.657 > 0.05); and no difference in non-suicidal self-injury among only children (p = 0.057 > 0.05).



TABLE 2 Analysis of variance in demographic variables.
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3.3. Correlation analysis of each variable

Baron et al. showed that having correlation between the independent, dependent and mediating variables is a prerequisite for the analysis of mediating effects (48), and for this reason Pearson correlation analysis was performed for the four variables, see Table 3.



TABLE 3 Descriptive statistics and correlation of variables.
[image: Table3]

As shown in Table 3, physical exercise was significantly negatively correlated with non-suicidal self-injury (r = −0.53, p < 0.01), i.e., the level of non-suicidal self-injury may decrease with increased physical exercise. Physical exercise was significantly positively correlated with perceived social support (r = 0.52, p < 0.01) and self-concept (r = 0.54, p < 0.01), i.e., an increase in the amount of physical exercise may increase perceived social support and self-concept. Both perceived social support (r = −0.59, p < 0.01) and self-concept (r = −0.64, p < 0.01) were significantly negatively correlated with non-suicidal self-injury, and perceived social support was significantly positively correlated with self-concept (r = 0.76, p < 0.01). That is, increases in both perceived social support and self-concept may reduce the level of non-suicidal self-injury, and increases in perceived social support may promote the development of self-concept.



3.4. Regression analysis of each variable

As shown in Table 4, physical exercise was significantly and negatively associated with non-suicidal self-injury (β = −0.53, p < 0.01); therefore, Hypothesis 1 was supported; physical exercise was significantly and positively associated with perceived social support (β = 0.52, p < 0.01) and self-concept (β = 0.54, p < 0.01); both perceived social support and self-concept were significantly and negatively associated with non-suicidal self-injury (β = −0.59, p < 0.01; β = −0.64, p < 0.01); meanwhile, perceived social support was significantly positively associated with self-concept (β = 0.76, p < 0.01).



TABLE 4 Results of regression analysis of physical activity, perceived social support, self-concept, and non-suicidal self-injury.
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3.5. Intermediation effect test

Wen et al. argued that it is more appropriate to use structural equation modeling to analyze the multiple mediation model (49). Based on this, AMOS 24.0 was used to establish structural equations for analysis, and the structural equation model diagram shown in Figure 2 was obtained. The existence of mediating effects and chain mediating effects of perceived social support and self-concept in the process of the influence of physical exercise on non-suicidal self-injury was examined.

[image: Figure 2]

FIGURE 2
 Structural equation model.


The results of the goodness-of-fit test of the research model and data in this paper, see Table 5. Several key indicators meet the suggested values and reach the fit criteria, indicating that the overall goodness-of-fit of the theoretical model in this paper and the model diagram can be accepted, and the standardized path coefficients are shown in Figure 2.



TABLE 5 Fit index values of structural equation models.
[image: Table5]

As seen in Figure 2, physical exercise → non-suicidal self-injury (β = −0.22, p < 0.01), physical exercise → perceived social support (β = 0.56, p < 0.01), perceived social support → non-suicidal self-injury (β = −0.14, p < 0.01), physical exercise → self-concept (β = 0.12, p < 0.01), and self-concept → non-suicidal self-injury (β = −0.51, p < 0.01) all had significant path coefficients.

The mediation effect was verified using Bootstrap sampling test with 5,000 replicate samples. The mediation effect was verified using Bootstrap sampling test with 5,000 replicate samples. The results showed (Table 6) that perceived social support and self-concept played a fully mediating role between physical activity and non-suicidal self-injury, as shown in the following, physical activity → perceived social support → non-suicidal self-injury (95% CI: - 0.18 to −0.02), with a mediating effect size of −0.08; physical activity → self-concept → non-suicidal self-injury (95% CI: −0.10 ~ −0.03), with a mediated effect size of −0.06; and perceived social support → self-concept acted as a chain mediator, as evidenced by the fact that physical activity → perceived social support → self-concept → non-suicidal self-injury (95% CI, −0.33 to −0.15), with a mediated effect size of −0.23. The ratios of the three mediating effects to the total effect were 13.4, 10.7 and 39.3%, respectively. The 95% confidence interval of the three indirect effects did not contain the zero value, indicating that the three indirect effects were all significant. Therefore, hypotheses H2, H3, and H4 were supported.



TABLE 6 Analysis of intermediary effects.
[image: Table6]




4. Discussion


4.1. Direct effect of physical exercise

The results of the study showed a negative association between physical exercise and non-suicidal self-injury in adolescents (β = −0.53, p < 0.01), with a direct effect of 36.6%. Hypothesis H1 was verified to be valid. The high prevalence and harm of NSSI in the adolescent population is mainly due to the fact that adolescents are prone to a number of psychological problems, such as: loneliness, interpersonal relationships, and depression (50, 51). Physical exercise has been proven to have a good effect on alleviating depressive symptoms, and teamwork during participation in sports allows adolescents to meet more friends with the same interests, reducing daily loneliness, drawing closer to peers through sports activities, and promoting interpersonal relationships. In-person sports activities can make adolescents feel supported and cared for by their parents, effectively controlling the generation of psychological problems and thus reducing the probability and frequency of NSSI (52–55). In summary, physical activity makes a positive contribution to the treatment and mitigation of NSSI in adolescents. Physical activity can be a potential treatment to reduce the probability of adolescent NSSI; for adolescents with NSSI, participation in physical activity may alleviate NSSI.



4.2. Mediating role of perceived social support

The results of this study showed that perceived social support had a separate mediating role between physical exercise and adolescent non-suicidal self-injury, with physical exercise positively associated with adolescent perceived social support (β = 0.518, p < 0.01) and perceived social support negatively associated with adolescent non-suicidal self-injury (β = −0.591, p < 0.01), with a mediating effect accounting for 13.4% of the total. Hypothesis H2 was verified to be valid. The effect of physical activity on adolescents’ perceived social support may be due to the fact that in team sports, adolescents gain the opportunity to interact with their peers, which helps them perceive support from their peers (56). When individuals encounter difficulties, care and help from family members will help them get through them more smoothly, and the more they perceive this outside support, the more they can actively solve problems and avoid the risk of NSSI occurring. When adolescents participate in physical activity and receive social support, they become more interested in physical activity, and conversely physical activity promotes the development of perceived social support. When adolescents perceive more social support, it also means more love and respect from various sources, such as family and friends. They will feel less rejection and refusal, and they will be in a relatively secure environment (57, 58). The development of perceived social support directly drives emotional de-escalation and reduces negative emotions, which in turn will reduce the likelihood of NSSI (59). In summary, perceived social support mediates the effect of physical activity on non-suicidal self-injury in adolescents and is negatively associated with adolescent NSSI. Adolescents’ participation in physical exercise may improve perceived social support, and perceived social support plays a positive role in alleviating adolescents’ non-suicidal self-injurious behavior. Improving adolescents’ ability to perceive social support through physical exercise may achieve the effect of alleviating non-suicidal self-injurious behavior and promote adolescents’ healthy development.



4.3. Mediating role of self-concept

This study found a separate mediating role for self-concept between physical activity and adolescent non-suicidal self-injury, with physical exercise positively associating with adolescent self-concept (β = 0.54, p < 0.01) and self-concept negatively associating with adolescent non-suicidal self-injury (β = −0.64, p < 0.01), with a mediating effect accounting for 10.7% of the total. Hypothesis H3 was verified to be valid. Physical exercise is not only a physical act, but there is also an interaction with the environment, and self-concept, as a psychological variable, is easily influenced by the external environment (60), and the physical satisfaction and psychological enjoyment that adolescents receive during physical exercise may be an important factor in promoting the development of self-concept, which is consistent with the results of previous studies (61). Adolescents’ NSSI is inflicted on themselves and is characterized by dissatisfaction with their bodies or a need to release stress, in short, a socially unacceptable maladaptive behavior (37). Self-concept is essentially a perception of the self, and when adolescents have a high level of self-concept, they have a clearer perception of the self and show more positive aspects, which reduces the probability of NSSI. In summary, self-concept plays a mediating role in the effect of physical exercise on non-suicidal self-injury in adolescents, physical activity has a positive effect on improving self-concept in adolescents, there is a negative correlation between self-concept and non-suicidal self-injury, and improved self-concept may reduce the probability of NSSI, and play a positive role in preventing and treating NSSI in adolescents.



4.4. Chain mediating role of self-concept and perceived social support

The results of this study indicated that perceived social support and self-concept were chained mediators between physical exercise and non-suicidal self-injury in adolescents, with perceived social support significantly and positively correlating with self-concept (β = 0.76, p < 0.01), with a mediating effect of 39.3%. Hypothesis H3 was verified to be valid. The chain mediating effect indicated that physical exercise enhanced adolescents’ perceived social support. The enhancement of perceived social support promoted the development of self-concept, which ultimately had a positive effect on improving adolescents’ NSSI. Perceived social support significantly and positively associated with self-concept, and the more support and care from family, friends and others, the higher the level of self-concept of individuals (41). When facing some difficulties in daily life and stresses that are difficult to relieve alone, support from all aspects of society can be used to get through them, while perceived social support and self-concept as very important psychological indicators for adolescents also play a positive role in the development of adolescent mental health, including reducing the probability of NSSI in adolescents.



4.5. Research limitations and perspectives

This study clarifies the relationship between physical exercise and non-suicidal self-injury and its underlying mechanisms, which has theoretical and practical implications. However, this study still has certain limitations and needs further improvement in the future. First, the physical exercise studied in this paper is referred to collectively as physical exercise in all sports, and its dimension needs to be extended so that future research can be conducted for specific sports items. Second, this study only considered the mediating role of perceived social support and self-concept, and it is unclear whether there are other effects between physical activity and non-suicidal self-injury in adolescents that can be further studied and analyzed in the future. Third, the data in this study came from subjective questionnaire tests of the subjects and lacked objective tests; objective tests could be added to the study to test the subjects in the future. Adolescents are a high prevalence group of non-suicidal self-injurious behavior and need more attention. Adolescents are a high prevalence group of non-suicidal self-injurious behaviors and need more attention. In the future, we should pay attention to the causes of non-suicidal self-injurious behaviors among adolescents; how to treat or prevent non-suicidal self-injurious injuries among adolescents; and how to alleviate non-suicidal self-injurious behaviors, and so on, in order to promote the healthy development of adolescents.




5. Conclusion

This study analyzed and validated the relationship between physical activity, perceived social support, self-concept, and non-suicidal self-injury in adolescents. It was found that gender, family location, and being an only child did not differ in terms of adolescent non-suicidal self-injury. Physical activity and adolescent non-suicidal self-injury are significantly negatively correlated and play an important role in reducing the probability of adolescent non-suicidal self-injury. Perceived social support and self-concept were chain-mediated and separately mediated between physical activity and adolescent non-suicidal self-injury. Participation in physical activity may promote the development of perceived social support and self-concept in adolescents, which contributes to the reduction in the probability of non-suicidal self-injury in adolescents.

Therefore, adolescents should participate in more physical exercise, which is conducive to healthy physical and mental development; society and families should give adolescents a variety of support to create a good environment for adolescents to grow up; adolescents should learn to pay more attention to their own development and change, and to improve various levels of cognition of the self; schools and societies should strengthen the dissemination of information on the hazards of non-suicidal self-injury and the prevention of such aspects, so that adolescents can scientifically understand non-suicidal self-injury, and consciously resist non-suicidal self-injury; conducting physical activity may be a potential solution to reducing the incidence of non-suicidal self-injurious behavior in adolescents, and physical activity could be included in treatment indicators when non-suicidal self-injurious behavior occurs in adolescents.
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