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Objectives: This study examined the sociodemographic factors associated with muscle-strengthening exercise (MSE) participation in a sample of Chinese school-aged children.

Methods: A cross-sectional survey was conducted in March 2021, comprising 67,281 students from public schools in Shenzhen through a multistage sampling method. The survey collected data on MSE participation, sociodemographics, family and educational information, and other aspects. A three-level mixed multilevel effect model was performed to analyze the associations between the selected sociodemographic characteristics and MSE participation. Results were presented using odd ratios (OR) with 95% confidence intervals (CI).

Results: 38.6% of participants met the MSE guidelines. In models of adherence to MSE guidelines and MSE days, boys were more likely to participate in MSE (OR = 1.31, 95%CI: 1.27–1.36, p < 0.001) than girls. Compared to primary school students, junior middle school students (OR = 1.60, 95%CI: 1.47–1.74, p < 0.001) were more likely to participate in MSE, whereas high school students (OR = 0.61, 95%CI: 0.51–0.73, p < 0.001) participated less frequently. Socioeconomic status (both OR = 1.07, 95%CI: 1.01–1.13, p < 0.001) was positively associated with MSE participation. Participants who perceived their weight as “about the right weight” or “slightly overweight” were most likely to participate in MSE. Weight satisfaction was negatively associated with guideline adherence, with those “very dissatisfied” with their weight being more likely to adhere. Positive associations between sports club participation and sports equipment satisfaction with MSE participation were also found. Other factors, such as ethnicity and parental education level, showed no significant association.

Conclusion: MSE participation is correlated by sociodemographic, behavioral, and self-perception factors, particularly sex, age, socioeconomic status, sports club involvement, and weight perception. Interventions to enhance MSE participation should target the important identified factors. Future studies should consider using longitudinal designs to strengthen understanding of MSE, further aiding in developing relevant and effective interventions.
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1 Introduction

Muscle-strengthening exercise (MSE) is crucial for children and adolescents’ healthy development and growth (1, 2). Engaging in MSE improves cardiorespiratory fitness and musculoskeletal strength, positively impacts cognitive development, reduces the risk of sports-related injuries and obesity, and decreases the development of mental health issues (3–6). Given these benefits, the World Health Organization (WHO) advises that children and adolescents aged 5–17 should participate in specifically designed activities that strengthen muscles and bones at least three times per week (7–10).

Despite the evidence-based recommendation on MSE participation, the prevalence rates of the MSE guidelines remain low in children and adolescents worldwide. Data from a US population-level survey reveals that only about 50% of adolescents meet the MSE guidelines (11, 12). Notably, adherence rates are even lower in socioeconomically disadvantaged regions, highlighting significant disparities in MSE participation in various demographic groups (3–5, 13, 14). These disparities present a significant public health concern, emphasizing the urgent need for effective strategies to increase MSE participation among children and adolescents.

Extant research predominantly focuses on adult populations (6, 14), while research attention is relatively less focused on young populations. This results in a significant research gap in understanding MSE participation in children and adolescents. This gap highlights the need for targeted studies on younger populations developing habits impacting their lifelong health and physical activity patterns. Therefore, gaining deeper insights into the specific factors that encourage or impede MSE participation in children and adolescents in various cultural and socioeconomic contexts is essential.

Several studies have explored factors associated with MSE participation in children and adolescents according to the Social Ecological Model—a well-developed and practical theoretical framework for understanding health behaviors (15). These factors can be categorized into intrapersonal (e.g., sociodemographic, self-perception characteristics), interpersonal, community, organizational, and public policy levels. At the sociodemographic level, some studies have indicated that sex, age (grade), ethnicity, and family socioeconomic status are significant factors related to MSE participation (4, 5, 16, 17). For example, Chen et al. (5) reported that boys were significantly more involved in MSE participation than girls. Xin et al. (4) found that high school students participated less in MSE than primary and middle school students. Wilson et al. (16) indicated that Asian adolescents have lower odds of meeting MSE guidelines than their European peers, while Pasifika males are more likely to meet these guidelines than European males. They also highlighted that children and adolescents from higher socioeconomic status areas had higher odds of meeting MSE guidelines than those from low socioeconomic status areas (16).

In addition to sociodemographic factors, evidence has demonstrated the association between self-perception-related characteristics and MSE participation, such as perceived weight, satisfaction with weight, and body image (18, 19). These characteristics can change individual behaviors through complex social and cognitive interactions. Martini et al. (20) found that higher satisfaction with weight was linked to increased MSE participation in children and adolescents. Shi et al. (21) reported that adolescents who perceived themselves as overweight participated significantly less in MSE. Effa et al. (22) also found that a positive body image was associated with higher MSE participation.

Family-related factors also play a crucial role in influencing MSE participation in children and adolescents. Research indicates that the presence of siblings, parental education levels, and living arrangements are significantly associated with MSE participation. These family-related attributes provide various supports, resources, and encouragements that can promote regular MSE participation and maintenance. However, mixed results remained in the literature. Xin et al. (4) reported that adolescents with siblings participated more in MSE. Gu et al. (3) found that parental education was not associated with MSE participation. Wang et al. (23) highlighted that adolescents living with both parents had higher prevalence rates of MSE participation compared to those living with a single parent.

Furthermore, evidence has shown that some specific behaviors are interrelated and codependent among various healthy behaviors. From this perspective, some factors of exercise participation are associated with MSE participation. For example, Parker et al. (24) reported that adolescents satisfied with their exercise equipment were significantly more likely to participate in MSE. Toivo et al. (25) found that adolescents involved in sports clubs had higher MSE participation rates compared to those not involved in such clubs.

Although previous studies [(e.g., 3, 4)] have examined the participation rate and correlates of MSE among Chinese children and adolescents, specific research gaps remain unaddressed. Most existing studies on MSE participation have been conducted in Western countries, such as Australia and the United States, highlighting the need for more research focused on Chinese children and adolescents. While previous China-based studies primarily explored sociodemographic factors, they did not comprehensively examine multidimensional influences on MSE participation. For instance, Xin et al. mainly focused on the prevalence of meeting MSE recommendations and its associations with demographic, behavioral, psychological, and sociocultural factors but did not consider the impact of self-perception factors (e.g., weight perception and satisfaction), sports club participation, or satisfaction with sports equipment on MSE engagement. Additionally, Gu et al. conducted their study on a relatively small sample (n = 3,733) from Hubei Province, limiting the generalizability of their findings to a broader national context. In contrast, this study is based on a more extensive and diverse dataset, offering a more comprehensive analysis of the multidimensional factors influencing MSE participation. Therefore, this study aimed to investigate the various factors related to MSE participation in children and adolescents in a large sample of school students.



2 Materials and methods


2.1 Study design and participants

In collaboration with the Municipal Education Commission, a large-scale survey was conducted in primary, middle and high schools in Shenzhen, China, in March 2021. The sample included students from local public primary and secondary schools from all districts of Shenzhen. Previous PA-related studies in Chinese children and adolescents suggested that children 10 years or older had sufficient reading comprehension and the ability to complete the self-report questionnaire (26, 27). Also, the Municipal Education Commission recommended surveying school-going students of grades five and above. Consequently, students in grades five and above were considered eligible study participants. Accordingly, the study included primary, junior, middle, and high school students.

Students in grades 9 and 12 were excluded from the survey due to their preparations for crucial entrance exams. We selected students aged 10 years and older for their cognitive ability to self-report via questionnaires. All students and their guardians were informed about the survey’s purpose, and participation was voluntary and anonymous. The survey was conducted online in computer rooms, taking approximately 20 min during a school day. Only students who provided electronic informed consent were included in the data collection phase. This study received ethical approval from the Medical Ethics Committee of Shenzhen University (No. 2020005) and the endorsement of teachers and principals at the participating schools.

Out of 79,664 targeted children and adolescents, 78,428 submitted questionnaires, yielding a response rate of 98.4%. After removing invalid data (e.g., responses failing quality checks), 73,323 samples from 135 schools constituted our preliminary database. For this study, we analyzed data from 67,281 students based on the availability of necessary variables.

For MSE data collection, we asked students: “In the last 7 days, how much time did you spend on exercises to tone or strengthen muscles, such as lifting weights, doing sit-ups, or push-ups?” Response options ranged from 0 to 7 (every day) (28). This item, used in health behavior surveillance in other countries (29), demonstrated acceptable reliability for children and adolescents with a Kappa coefficient greater than 0.55 (30). Consistent with World Health Organization guidelines, children and adolescents who participated in MSE for at least 3 days a week were considered to meet the recommendations (26, 31).

Additionally, the following information was gathered: sex (boy/girl), age (10–17 years old), grade (primary school/junior middle school/high school), ethnicity (Han/minority), number of siblings (only child/not only child), living with a parent (yes/no), a parental education level (junior middle school or below/high school or equivalent/bachelor or equivalent/master or above/unclear), self-perceived weight (very underweight/slightly underweight/about the right weight/slightly overweight/very overweight) (32), satisfaction with weight (very dissatisfied/dissatisfied/neither satisfied nor dissatisfied/satisfied/very satisfied), satisfaction with sports equipment (very satisfied/satisfied/dissatisfied/very unhappy/not sure), sports club participation (never/1–3 times per month/1–2 times per week/3 or more times per week), and family socioeconomic status (SES) (21). SES was measured using an adapted version of the MacArthur Scale of Subjective Social Status (a 10-rung ladder with higher scores indicating better SES) (33).



2.2 Statistical analysis

A total of 67,281 participants were included in the final formal analysis after excluding samples with invalid or incomplete data (n = 11,147). The process can be seen in Figure 1. All statistical analyses were conducted using STATA BE 18.0 (College Station, Texas, United States). We used descriptive statistics to summarize sample characteristics and employed a three-level mixed multilevel effect model to analyze the data. This reflects our multistage sampling strategy (level 3: district; level 2: school; level 1: individual). We analyzed the factors associated with MSE in children and adolescents. The analysis included logistic regression models to examine the associations between sociodemographic variables (such as sex, age, socioeconomic status, parental education, and participation in sports clubs) and MSE guidelines or days. The models were adjusted for potential confounders, including the district and school levels. Results are presented as odds ratios (OR) with 95% confidence intervals (CI), and statistical significance was assessed at a p-value of less than 0.05.
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FIGURE 1
 Detailed process used for cleaning invalid and missing data.





3 Results

Table 1 presents the sample characteristics of the study participants, including 34,909 boys (51.9%) and 32,372 girls (48.1%) aged 10–17 years. In terms of weight perception, 45.2% of participants believed they were “about the right weight,” 31.8% considered themselves “slightly overweight,” and 14.9% viewed themselves as “slightly underweight.” Participant satisfaction with their weight varied, with 30.7% being dissatisfied, 31.4% remaining neutral, and 13.3% feeling very satisfied. Most study participants (74.2%) had siblings, and most (93.4%) lived with both parents. Regarding parental education, 27.0% of fathers and 27.8% of mothers achieved “high school or equivalent” as their highest educational qualification. Satisfaction with sports equipment was relatively high, with 45.8% satisfied and 31.8% very satisfied. 47.1% did not participate in sports clubs, while 13.0% attended thrice weekly. The educational levels of participants spanned primary (41.5%), junior middle (40.3%), and high schools (18.1%). The Han ethnicity predominated at 96.6. The mean of subjective family socioeconomic status was 4.95 on a scale from 0 to 10. The prevalence rate of meeting the MSE guidelines was 38.6%; also, the prevalence rate of days of MSE ranged from being the most of 24.9 (0 days) to the lowest of 1.6% (6 days). More details on sample characteristics can be found in Table 1.



TABLE 1 Descriptive characteristics of participants.
[image: Table1]

Table 2 shows results on the association between sample characteristics and adherence to MSE guidelines. Boys were significantly more likely (OR = 1.31, 95%CI: 1.27–1.36, p < 0.001) to meet these guidelines than girls. Self-weight perception was significantly associated with MSE guidelines. Compared with those who self-described as “very overweight,” those who self-reported “about the right weight” (OR = 1.29, 95%CI: 1.18–1.42, p < 0.001) or “slightly overweight” (OR = 1.12, 95%CI: 1.02–1.23, p = 0.013) was more likely to adhere the guidelines. There was also a significant relationship between weight satisfaction and guideline adherence. Those who were “dissatisfied” (OR = 0.92, 95%CI: 0.86–0.98, p = 0.011), “neither satisfied nor dissatisfied” (OR = 0.92, 95%CI: 0.86–0.99, p = 0.020), and “satisfied” (OR = 0.88, 95%CI: 0.82–0.96, p = 0.002) with their weight were less likely to meet the guidelines compared to those who were “very dissatisfied.”



TABLE 2 Associations between meeting muscle-strengthening exercise guidelines with characteristics.
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Being an only child was associated with higher odds of meeting the guidelines (OR = 1.06, 95%CI: 1.02–1.10, p = 0.006). Only paternal education at the “high school or equivalent” level (OR = 1.07, 95%CI: 1.01–1.13, p < 0.001) was significantly associated with guideline adherence, and other parental education was not associated with guideline adherence. A higher family SES was positively associated with guideline adherence, with an OR of 1.07 with 95%CI between 1.01 to 1.13. Living with parents did not show a significant association with guideline adherence. However, satisfaction with sports equipment and participation in sports clubs were both positively correlated with guideline adherence, particularly among those “very satisfied” (OR = 1.43, 95%CI: 1.25–1.63, p < 0.001) with their equipment and those participating in clubs more frequently. Educational levels revealed that junior middle school students (OR = 1.83, 95%CI: 1.66–2.02, p < 0.001) were more likely to adhere to the guideline compared to primary school students, whereas high school students (OR = 0.53, 95%CI: 0.43–0.66, p < 0.001) showed lower guideline adherence. There were no significant differences in the guideline adherence across ethnicity or whether they lived with their parents.

Table 3 displays the association between MSE participation days and various sample characteristics. Boys had significantly more MSE days (OR = 1.34, 95%CI: 1.31–1.38, p < 0.001) than girls. Weight perception was significantly associated with MSE days; participants who considered themselves “about the right weight” (OR = 1.33, 95%CI: 1.23–1.44, p < 0.001) or “slightly overweight” (OR = 1.15, 95%CI: 1.07–1.24, p < 0.001) participated more frequently in MSE than those who viewed themselves as “very underweight.” Interestingly, those who were “very satisfied” (OR = 1.12, 95%CI: 1.05–1.19, p = 0.001) with their weight were less likely to participate in these activities compared to their “very dissatisfied” counterparts. The presence of siblings was associated with slight increases in days of MSE participation (OR = 1.06, 95%CI: 1.03–1.10, p < 0.001). Only paternal education at the “high school or equivalent” level (OR = 1.09, 95%CI: 1.04–1.14, p < 0.001) and maternal education at the “master or above” level (OR = 1.15, 95%CI: 1.04–1.28, p = 0.009) was positively associated with more MSE days. Moreover, a higher family SES was positively associated with days of MSE participation, showed by OR of 1.07 with 95%CI between 1.06 and 1.08 (p < 0.001). Living with a parent marginally increased the likelihood of MSE days (OR = 1.12, 95%CI: 1.05–1.18, p < 0.001). Satisfaction with sports equipment emerged as a strong predictor; those “very satisfied” (OR = 2.02, 95%CI: 1.86–2.19, p < 0.001) with their equipment were much more likely to participate frequently in such activities compared to those who were “not sure.” Participation in sports clubs was a robust indicator of higher engagement, with attendees of clubs “3 or more times per week” showing significantly higher odds (OR = 3.24, 95%CI: 3.10–3.30, p < 0.001) of frequent participation compared to non-attendees. Educational levels were associated with MSE participation as well, with junior middle school students (OR = 1.60, 95%CI: 1.47–1.74, p < 0.001) participating more than primary school students, whereas high school students (OR = 0.61, 95%CI: 0.51–0.73, p < 0.001) participated the lowest. Lastly, ethnicity does not show a significant association with MSE participation.



TABLE 3 Associations between days of muscle-strengthening exercise participation with characteristics.
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4 Discussion

Using a large sample of Chinese children and adolescents, this study found that (1) the prevalence of meeting the MSE recommendation was relatively low; (2) significant correlates of meeting the MSE recommendation and days of MSE participation were sex, age (grade), family SES, siblings, perceived weight, and sports clubs.

Our results indicated that many children and adolescents needed to meet the MSE guidelines. This finding aligns with some previous studies (3, 4). This finding highlights the need for effective public health interventions to promote MSE participation in children and adolescents. Schools should integrate structured MSE programs and provide the necessary resources for enhancement. Public health policies should raise awareness about MSE benefits and ensure accessible facilities. Future research should explore effective interventions to increase MSE participation and examine long-term health outcomes, such as reduced chronic disease risk and improved overall well-being.

Our results indicated that boys were more likely than girls to participate in MSE, consistent with previous studies by Bennie et al. (13), Xin et al. (4), Smith et al. (34), and Gu et al. (3). The sex difference in MSE participation could be attributed to several interconnected factors. Social and cultural norms often dictated different expectations and opportunities for PA between sexes. Boys were typically encouraged to participate in strength-building activities, while girls were often directed toward more sedentary pursuits, such as reading and drawing (35, 36). Additionally, sports programs and facilities in schools and communities tend to cater more to interests traditionally associated with boys, possibly boosting their MSE participation rates (37, 38). Furthermore, girls faced unique barriers, such as limited social support, lower self-efficacy concerning strength activities, and body image concerns (4, 37, 39), which further likely reduced their MSE participation. These insights highlighted the need for targeted interventions to encourage MSE participation among girls.

Our study indicated that MSE participation increased notably as students transitioned from primary to junior middle school but declined significantly by high school, similar to the findings of Xin et al. (4). The shifting academic and sociocultural contexts in China may explain this pattern. In primary school, students generally experience fewer academic pressures, allowing more opportunities for MSE participation. However, their exposure to structured and diverse physical activities (PA) may still be limited, potentially hindering motor skill development and physical confidence necessary for regular participation (40). In junior middle school, students typically gain greater autonomy and physical capability, which, combined with broader access to sports and structured activities, contributes to increased MSE participation (41). However, as students progress to high school, the emphasis on academic achievement intensifies, primarily due to the national college entrance examination system. High school students must complete a substantial volume of educational assignments, with their performance heavily dependent on study time rather than physical activity (42). Moreover, the demanding academic workload limits students’ available time for physical activity and adequate sleep and shifts their priorities away from health-related behaviors, further constraining MSE participation (43). High school students often perceive MSE as a low-priority activity, as it does not directly contribute to their academic performance. This mindset and limited institutional support for non-academic pursuits exacerbate the decline in MSE participation. Given these trends, future studies should adopt longitudinal designs to explore further the relationship between academic demands and MSE participation across different educational stages.

Our study found that sports club participation was positively associated with MSE participation in children and adolescents, which is consistent with the study by Toivo et al. (25). Sports clubs provide structured environments that foster regular MSE participation by offering social support, coaching, and skills development, all crucial for maintaining interest and MSE participation (28, 38). This can also be reflected in the positive association between satisfaction with sports equipment and MSE participation in the current study. They also promoted routine and commitment, essential for establishing lasting exercise habits (44). Conversely, lower rates of MSE participants in non-participants highlighted potential access or interest barriers, underscoring the need for inclusive programs that accommodate various backgrounds and abilities. The social environment of sports clubs, including peer relationships and a sense of team belonging, played a vital role in motivating children, particularly during early adolescence when peer influence peaks (28, 45). This supported policy advocacy aimed at broadening access to sports clubs to boost MSE participation in children and adolescents.

Our study found that higher SES was positively associated with more MSE participation. This observation is consistent with broader public health research identifying socioeconomic factors as determinants of health behaviors, including MSE participation (4, 23, 46). Higher SES likely facilitated greater access to resources such as sports equipment, recreational facilities, sports clubs, and extracurricular opportunities, encouraging MSE participation (4, 24). Families with higher SES often value and support health-promoting behaviors, including MSE, and have better health literacy and education, enhancing their use of health resources (45, 47). Higher SES neighborhoods typically provided safer environments and better infrastructure for MSE participation, such as well-maintained parks and sports fields (48). This relationship highlighted the critical role of socioeconomic factors in shaping access to and engagement in health-promoting activities.

Our results found that parental education was primarily not associated with MSE participation in children and adolescents, contrary to previous research suggesting that educated parents encourage their children to participate in MSE due to a better understanding of PA (4, 13). In the current study, only paternal education at the “High school or equivalent” level showed a slight positive link. In contrast, maternal education showed limited relevance except at the “Master or above” level, slightly related to MSE days. The anticipated association between higher parental education levels and increased MSE participation was not observed in the previous literature (3, 4, 13, 24), possibly due to the sample characteristics, with many parents having lower education levels. Additionally, higher-educated parents might have more demanding jobs, limiting their time to promote MSE participation in children and adolescents (49).

Our study revealed that children and adolescents who perceive themselves as “about the right weight” were more likely to participate in MSE than those who saw themselves as “very underweight” or “very overweight.” Unlike Shi et al. (21), who found that self-perceived as obese individuals were more likely to meet MSE guidelines. Self-perception of a healthy weight may enhance motivation to engage in PA to maintain perceived health (39). Those who viewed themselves as “very underweight” or “very overweight” were less likely to participate, possibly due to negative body images (50), lack of confidence, physical discomfort, or fear of judgment (51). Interestingly, those identifying as “slightly overweight” still actively participated in MSE, recognizing the importance of PA for weight management (52). These findings highlight the need to use self-perception weight and the psychological approaches to MSE interventions.

Our study challenged the assumption that only children engage in less PA due to the lack of siblings (4). Instead, we found that only children were more likely to participate in MSE. This might be attributed to greater parental attention and resources, such as transportation to sports facilities or club memberships, facilitating MSE participation. Additionally, only children may receive more focused encouragement from parents to engage in organized sports for socialization, potentially compensating for the absence of sibling interactions (53). However, this finding contrasts with previous studies suggesting that siblings positively influence PA participation through shared activities, peer modeling, and reinforcement of active lifestyles (54–56). One possible explanation for this discrepancy is that parental investment in children’s extracurricular activities, including MSE, may be more pronounced in single-child households, where resources such as time, financial support, and parental involvement are concentrated on one child rather than divided among multiple siblings.

In contrast, in multi-child households, parental resources may be distributed among various children, potentially reducing the level of individualized support for MSE participation. Furthermore, previous studies may have focused on broader PA behaviors, whereas our research specifically examined MSE participation. The structured nature of MSE might make it more accessible to only children who receive parental encouragement and logistical support, whereas informal, unstructured PA—where siblings may have a stronger influence—could show different trends. The modest association we observed suggests that while being an only child may provide more opportunities and support for MSE participation, it is not the sole determining factor. Other familial and environmental influences, such as parental attitudes toward sports, school PE policies, and access to community sports programs, likely contribute to shaping children’s participation in MSE (57, 58). Given these nuanced findings, future research should explore the mechanisms underlying the relationship between family structure and MSE participation in greater depth, considering parental involvement, socioeconomic background, and cultural expectations. Longitudinal studies examining changes in MSE participation as family dynamics evolve would help clarify the causal pathways and inform targeted interventions to promote PA and MSE participation among all children, regardless of sibling status.

We found that the associations of living with parents and satisfaction with weight with MSE participation varied according to the measures of MSE. For example, the association between living with parents and MSE guideline adherence was significant, whereas the association was not significant when using days of MSE participation as the outcome. Possible reasons could be that different measurements resulted in a sample distribution that affected the significance of the statistical analysis. Living with parents may enhance parental supervision of children. Gu et al. (3) suggested that parental supervision might promote increasing MSE participation in children and adolescents. Despite the variation in the association between satisfaction with weight and MSE participation, the directions remained similar. Shi et al. (21) concluded that individuals who were satisfied with their weight might be more motivated to engage in MSE. This finding indicates that living with parents and satisfaction with weight could be viewed as factors related to MSE participation. However, more studies should be conducted to confirm the associations observed in the current study.


4.1 Study limitations

It is important to acknowledge certain limitations of this study. Due to its cross-sectional design, causality between variables cannot be established. While some demographic factors may have a unidirectional influence on MSE participation—meaning they impact MSE rather than MSE influencing them—other variables, such as sports club participation, may exhibit a bidirectional relationship. Specifically, students involved in sports clubs may be more likely to engage in MSE, while regular MSE participation might encourage students to seek structured sports environments. Future research employing longitudinal or experimental designs is necessary to explore the causal relationships between these correlates and MSE participation in children and adolescents and investigate the underlying mechanisms more deeply.

Additionally, data collection was based on self-reported questionnaires, making it susceptible to recall biases and the influence of social desirability, which may affect the interpretation of the results. Measurement challenges, such as incompletely capturing different MSE domains (e.g., upper or lower body, intensity) and excluding potentially confounding factors like parenting styles, could also impact the findings. Addressing these gaps in future research will enhance the understanding of MSE engagement and inform the development of targeted interventions.



4.2 Practical implications

The findings from this study have significant implications for public health interventions and policy. Recognizing the sex disparity in MSE participation, targeted strategies should be implemented to encourage greater engagement among girls through gender-sensitive approaches, such as designing MSE programs that align with their interests and motivations. Additionally, grade-appropriate interventions that leverage adolescents’ increasing autonomy should be developed to enhance adherence to MSE guidelines, ensuring that physical activity habits are sustained over time. Given the critical role of schools in promoting MSE, school-based interventions should integrate MSE into physical education curricula, providing structured opportunities for students to engage in strength-based activities (59, 60). Beyond the curriculum, schools should offer extracurricular programs that expose students to enjoyable and engaging sports, fostering a positive attitude toward lifelong physical activity. Furthermore, community-based initiatives must play a role in expanding access to safe and affordable exercise facilities, particularly for children from lower SES backgrounds, to mitigate disparities in MSE participation. Policymakers should ensure equitable distribution of resources to underserved schools and communities, addressing financial and environmental barriers that may hinder participation.

In addition to direct policy interventions, technological innovations should be explored to promote MSE engagement. Using fitness apps, gamification, and digital platforms could provide engaging and interactive ways to encourage participation, especially among youth accustomed to digital environments. Future research should further investigate the effectiveness of experimental interventions, including integrating digital tools, to determine their impact on MSE participation.




5 Conclusion

This study highlights the key factors influencing MSE participation among children and adolescents, emphasizing the need for inclusive public health strategies to bridge demographic and behavioral disparities. By identifying critical determinants such as sex, age, socioeconomic status, sports club involvement, and weight perception, the findings offer a foundation for designing targeted interventions that promote equitable access to MSE. Beyond individual health benefits, increasing MSE participation has broader societal implications, contributing to long-term physical well-being, reducing health disparities, and fostering lifelong active habits. Future research should adopt longitudinal approaches to deepen the understanding of these associations and inform more effective policy and educational initiatives.
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Boy 34909 51.9%
Girl 32372 48.1%
Age
10 years old 2430 36%
1 years old 10933 16.2%
12 years old 16,244 241%
13 years old 15,331 28%
14 years old 8,871 13.2%
15 years old 4076 6.1%
16 years old 6379 95%
17 years old 3017 45%
Grade
Primary school 27954 41.5%
Junior middle school 27,124 403%
High school 12,203 18.1%
Ethnicity
Han 65,027 96.6%
Minority 2254 34%
Siblings
Only child 17,354 25.8%
Non-only child 49927 742%
Were you living with a parent?
Yes 62836 93.4%
No 4445 6.6%
Paternal education
Junior middle school or below 14619 217%
High school or equivalent 18,159 27.0%
Bachelor or equivalent 26030 387%
Master or above 2796 42%
Unclear 5677 84%
Maternal education
Junior middle school or below 17,617 262%
High school or equivalent 18,706 27.8%
Bachelor or equivalent 2922 35.6%
Master or above 1,635 24%
Unclear 5,401 80%
How did you describe your weight?
Very underweight 1912 28%
Slightly underweight 10010 149%
About the right weight 30,444 45.2%
Slightly overweight 21401 318%
3514 52%
How satisfied were you with your weight?
Very dissatisfied 7,645 114%
Dissatisfied 20678 307%
Neither satisfied nor dissatisfied 21,107 314%
Satisfied 8874 13.2%
Very satisfied 8,977 13.3%
How satisfied were you with the equipment for sport activity?
Very satisfied 21,405 318%
Satisfied 30829 45.8%
Dissatisfied 9,796 146%
Very dissatisfied 3153 47%
Not sure 2,098 3%
Sport club
Never 31721 47.1%
1-3 times per month 15,050 24%
1-2 times per week 11,789 175%
3 or more times per week. 8721 13.0%
Muscle-strengthening exercise days
0days 16,780 24.9%
1 day 12,164 18.1%
2days 12,393 18.4%
3days 10725 159%
4 days 4521 67%
5 days 5335 79%
6 days 1070 16%
7 days 4293 64%
Muscle-strengthening exercise guideline (3 or more days)
Not meet 41337 61L4%
Meet 25944 38.6%
Continuous variables Mean SD
Subjective family socioeconomic status 495 001

SD, standard deviation. Subjective family socioeconomic status was scaled from 0 to 10.
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