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ABSTRACT: Background: Social anxiety is prevalent among adolescents and severely impacts their mental health
and social functioning. This study aims to explore the underlying mechanisms and subgroup differences in adolescent
social anxiety to provide a theoretical basis for targeted interventions. Methods: 3025 Chinese adolescents (Meanage
= 13.91 ± 1.60 years; 47% male) completed self-report measures of physical activity, core self-evaluation, and social
anxiety. Variable-centered analyses employed PROCESS Model 4 with 5000 bootstrap samples; covariates were gender,
grade, and place of residence. Person-centered analyses used latent profile analysis in Mplus 8.3 to identify subgroups
based on social anxiety item profiles. Results: Variable-centered analyses showed that physical activity had a significant
negative association with social anxiety (β = −0.224, p < 0.001) and a significant positive association with core
self-evaluation (β = 0.471, p < 0.001); core self-evaluation partially mediated this relationship, accounting for 30%
of the total effect. Person-centered analyses revealed an optimal two-profile solution: a low social anxiety profile
(89.6%) and a high social anxiety profile (10.4%). The high social anxiety profile reported significantly lower physical
activity and lower core self-evaluation than the low social anxiety profile. Conclusions: This study integrates variable-
centered and person-centered evidence, identifies physical activity and core self-evaluation as key modifiable factors in
reducing social anxiety, providing a theoretical basis for targeted and differentiated interventions.

KEYWORDS: Social anxiety; physical activity; core self-evaluation; latent profile analysis; variable-centered approach;
person-centered approach

1 Introduction
Social anxiety refers to the tension, avoidance, and self-focus an individual experiences in social situa-

tions due to the fear of negative evaluation by others [1,2]. It has been widely recognized as one of the most
common forms of anxiety [3–5]. A survey conducted across seven countries revealed that the prevalence
of social anxiety among individuals aged 13–18 ranges from 23% to 58%. Among them, approximately
40% of middle-school students exhibit moderate-to-high-level symptoms of social anxiety during their
academic years, and these symptoms tend to increase with age [6]. This type of anxiety not only directly
hampers interpersonal expansion [7], academic engagement [8], and self-identity development [9], but also
significantly co-occurs with depression, loneliness, mobile phone dependence, and substance abuse such
as smoking and drinking [10–12]. Interestingly, despite the increasing popularity of mental health courses
and the explosive growth of online social channels, social anxiety among adolescents has not decreased but
instead increased [13]. In the information age, it seems to create a deeper sense of “collective loneliness.”
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To address this gap, the present study focuses on three key variables: physical activity, core self-evaluation,
and social anxiety. Physical activity is a modifiable behavior with known benefits for mental health [14],
while core self-evaluation represents a fundamental appraisal of one’s worth and capability [15]. Our primary
objective is to explore the relationships among these variables to better understand the mechanisms that may
contribute to or protect against social anxiety in adolescents. Doing so aims to provide a more comprehensive
framework for addressing this pressing issue.

1.1 Physical Activity and Social Anxiety
In recent years, physical activity has drawn wide scholarly interest as a low-cost, highly effective

health-behavior intervention [16–18]. It is recognized as an important way to reduce anxiety because it
significantly benefits adolescents’ physical and mental health [19,20]. Physical activity refers to planned and
organized sports activities that individuals engage in to enhance physical fitness and promote mental and
physical health [21]. From the perspective of self-efficacy theory, physical activity can significantly enhance
an individual’s self-efficacy [22]. When facing stressful stimuli, higher self-efficacy enables individuals to
cope better, thereby reducing the level of anxiety [23]. From the perspective of cognitive control, Physical
activity can effectively change individuals’ erroneous perceptions of external stimuli, thereby reducing the
generation of anxiety [24,25]. In addition, a positive atmosphere for Physical activity can create harmonious
interpersonal relationships and provide adolescents with a positive social environment, which can effectively
reduce and alleviate social anxiety and help them maintain a healthy and positive psychological state [26,27].
Dimech and Seiler [28] found that participating in team sports can effectively alleviate social anxiety in
adolescents. Panza et al. [29] also pointed out that regular physical activity in schools can significantly
improve adolescents’ anxiety and depression. Longitudinal surveys have shown that physical activity can
not only positively predict mental health levels years later but also negatively predict negative emotions in
adolescents, including depression, stress, and other psychological problems, such as social anxiety [30–32].
However, although existing studies have revealed the association between Physical activity and social anxiety
in adolescents, research on the underlying mechanisms by which Physical activity affects social anxiety is
still relatively scarce.

1.2 The Mediating Role of Core Self-Evaluation
Core self-evaluation is likely to be an important mediating variable in the relationship between

physical activity and social anxiety. To ground our hypothesis in a specific theoretical framework, we
draw upon Hobfoll’s Conservation of Resources Theory (COR) [33]. This theory posits that psychological
well-being depends on obtaining and protecting valued resources. Within this framework, core self-
evaluation can be conceptualized as a critical personal resource. We propose that physical activity acts
as a resource-building activity; fostering mastery and accomplishment enhances an adolescent’s reservoir
of core self-evaluation [34]. According to the COR, social anxiety emerges from the perceived threat
of resource loss in social settings. Adolescents with higher core self-evaluations possess greater personal
resources, making them better equipped to manage social stressors and less vulnerable to anxiety [35].
Thus, COR theory provides a cohesive explanation for how physical activity builds the personal resource
of core self-evaluation, which in turn functions as a buffer against social anxiety. In addition, some related
studies also support this view. Judge [36] pointed out that core self-evaluation is an individual’s overall
evaluation of their abilities and worth, which can significantly influence emotional and behavioral responses.
In adolescents, Physical activity enhances physical fitness and improves self-efficacy and self-esteem, thereby
improving core self-evaluation [37–39]. In addition, core self-evaluation has been regarded as a powerful
motivational component in many studies, driving individuals to approach (or avoid) situations that enhance
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(or undermine) self-evaluation [40,41]. Preliminary research has shown that core self-evaluation is a key
factor in coping with stress and anxiety [42]. Individuals with higher levels of core self-evaluation tend to
exhibit greater psychological resilience and less anxiety [43,44]. However, the mechanisms by which Physical
activity, core self-evaluation, and social anxiety interact are still unclear.

1.3 Latent Profile Analysis
Previous studies have mostly been conducted from a variable-centered perspective. However, this

variable-centered approach, which is based on the average level of all samples, fails to fully reveal the
heterogeneity among individuals [45]. Analyzing different categories of individuals can help researchers
gain a deeper understanding of the differences in Physical activity and core self-evaluation among different
types of individuals and how these differences affect social anxiety [46]. Therefore, analyzing the potential
categories of social anxiety from a person-centered perspective is particularly important. Latent profile
analysis is a person-centered analytical technique that explains the associations among manifest indicators
through latent continuous variables and uses latent categorical variables to explain the associations among
manifest indicators [47]. In recent years, a few researchers have used this method to explore the potential
categories of social anxiety. For example, Zhang et al. [48] found that social anxiety can be divided into three
categories, while Yu et al. [49] believed that a four-category model is more appropriate. However, research
on the potential categories of social anxiety is still limited, and different studies have yielded inconsistent
classification results. This indicates that the potential categories and characteristics of social anxiety have not
been fully verified and clearly defined. Given these inconsistencies, the current study aims to provide a more
nuanced understanding of social anxiety profiles among adolescents. By identifying distinct profiles, we can
better understand how different levels and types of social anxiety are associated with physical activity and
core self-evaluation. This approach allows us to move beyond average trends and capture the heterogeneity
within the sample, which is crucial for developing targeted interventions tailored to the specific needs of
each subgroup.

1.4 Current Research
Given the high prevalence of social anxiety and its wide-ranging impact on the physical and mental

health of adolescents, this study aims to analyze the relationship between physical activity, core self-
evaluation, and social anxiety from both variable-centered and person-centered perspectives to fully reveal
their interrelationships and further verify the potential categories of social anxiety. Based on this, the
following hypotheses are proposed for this study: (Hypothesis 1) Physical activity is negatively correlated
with social anxiety; (Hypothesis 2) Core self-evaluation plays a mediating role between Physical activity and
social anxiety; (Hypothesis 3) There are different potential categories of social anxiety, and these categories
show significant differences in Physical activity and core self-evaluation. By verifying the above hypotheses,
this study expects to provide a new perspective for understanding the complex mechanisms of social anxiety
in adolescents and to offer a theoretical basis for developing targeted mental health intervention measures.

2 Materials and Methods

2.1 Participants
To assess the required sample size from a statistical power perspective, we conducted a priori power

analysis using G*Power 3.1 software based on the central hypothesis of this study (i.e., the mediation model).
This analysis aimed to determine the minimum sample size required to test a complete multiple regression
model. Following Cohen’s (1988) standards [50], we set the effect size to a smaller, more conservative value
(effect size f2 = 0.02), statistical power to 0.95, and significance level α to 0.05. The model included five
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predictor variables: the independent variable (physical exercise), the mediator variable (core self-evaluation),
and three covariates (gender, grade level, and place of residence). The results from G*Power indicated that
at least 995 participants were needed to achieve the desired statistical power. The actual sample size of
this study (N = 3025) far exceeds the minimum requirement calculated by G*Power, indicating that this
study has sufficient statistical power to accurately test the mediating effect. Additionally, the sample size
also far exceeds previous research on latent profile analysis, which has indicated a requirement for 300–500
participants [51,52], providing a solid foundation for the robustness of both analytical methods.

Between March and April 2025, this study adopted a convenience sampling method to conduct
questionnaire surveys in ten middle schools in Jiangxi Province, central China. Before data collection,
permission was obtained from each school’s administrators, and every participant provided written informed
consent from their guardians and themselves. The study strictly followed the ethical guidelines of the
Declaration of Helsinki and received approval from the Ethics Committee of the School of Science and
Technology, Nanchang Hangkong University (IRB-NCHU-STC-20250103).

Because ninth-grade and twelfth-grade students faced examinations, only seventh-, eighth-, tenth-, and
eleventh-grade students were included in the survey. The questionnaires were administered uniformly in
classrooms, with 3412 questionnaires collected. To ensure the validity of the questionnaires, the following
screening procedures were implemented: Firstly, two attention control items were inserted in the middle and
at the end of the questionnaire, namely “Please select the value 1” and “Please select the value 3,” with options
on a 1–5-point scale, to identify whether students had answered carefully. Those who answered either of these
two questions incorrectly were excluded (179 participants were eliminated). Secondly, questionnaires where
all items had the same answer were excluded by checking for uniformity in responses (110 participants were
excluded). Finally, questionnaires with incomplete responses were removed (98 participants were excluded).
A total of 3025 valid samples were obtained.

The participants ranged from 11 to 18 years, with a mean age of 13.91 ± 1.60 years. There were 1422
male students (47.0%) and 1603 female students (53.0%). Among them, 1698 were from urban areas (56.1%)
and 1327 were from rural areas (43.9%). Specifically, there were 923 seventh-grade students (30.5%), 826
eighth-grade students (27.3%), 710 tenth-grade students (23.5%), and 566 eleventh-grade students (18.7%).

2.2 Measures
2.2.1 Physical Activity

Physical activity was measured with a single question: “Over the past 7 days, how many days did you
engage in at least 20 min of exercise or activity that made you sweat or breathe heavily?” Participants could
respond with a number ranging from 0 to 7 days. This single-item question is a commonly used and validated
method for assessing physical activity in large epidemiological studies, and its utility has been demonstrated
in previous research with adolescent populations [53–56].

2.2.2 Core Self-Evaluation
The Core Self-Evaluation Scale was developed by Judge et al. [57], was used in this study to measure the

core self-evaluation level of the participants. This scale consists of 10 items, scored on a 5-point Likert scale
ranging from 1 (completely disagree) to 5 (completely agree). Some items in the scale require reverse scoring.
After calculating the mean scores of all items, a higher score indicates a higher level of core self-evaluation.
The scale has been widely used among Chinese populations [58,59]. In this study, the Cronbach’s α coefficient
of the scale was 0.83, indicating good internal consistency reliability and suitability for the measurement
purpose of this study.
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2.2.3 Social Anxiety
The Short Form Social Interaction Anxiety Scale and the Short Form Social Phobia Scale, revised

by Peters et al. [60], were used in this study to measure social anxiety levels. Each scale consists of 6
items, totaling 12 items, and employs a 5-point Likert scale for scoring, ranging from 0 (strongly disagree)
to 4 (strongly agree). The total score of the items represents the level of social anxiety experienced by
the participants, with higher scores indicating higher levels of social anxiety. The scale has been widely
used among Chinese populations [61,62]. In this study, the Cronbach’s α coefficient for the scale was 0.94,
indicating good internal consistency, reliability, and suitability for the measurement purpose of this study.

2.2.4 Covariates
Given that adolescent social anxiety may be influenced by various factors, particularly those related

to individual characteristics [63,64], these individual characteristic variables include gender and place of
residence. Therefore, this study includes student gender, grade, and place of residence as control variables in
the analysis. They are coded as dummy variables: gender (0 = male, 1 = female) and place of residence (0 =
urban, 1 = rural), and grade (1 = 7th, 2 = 8th, 3 = 10th, 4 = 11th).

2.3 Data Analysis
Data analysis was conducted using SPSS 26.0 (IBM Corp., Armonk, NY, USA) and Mplus 8.3 (Muthén

& Muthén, Los Angeles, CA, USA). Descriptive statistics and correlation analyses were performed using
SPSS 26.0. In the variable-centered analysis, we used Model 4 in the Process macro 3.5 to examine how
physical activity influences social anxiety through core self-evaluation, with mediation effects estimated
using 5000 bootstrap samples at a 95% confidence interval (95% CI) [65]. Next, an unconditional latent
profile analysis model was constructed in Mplus 8.3 based on 12 items related to adolescent social anxiety. The
number of latent profiles was determined using the following criteria: (1) each profile must include at least
5% of the total sample [51]; (2) model fit indices Akaike Information Criterion (AIC), Bayesian Information
Criterion (BIC), and adjusted Bayesian Information Criterion (aBIC) were evaluated, with lower values
indicating a better fitting model [66]; (3) p-values of the parametric Lo-Mendell-Rubin likelihood ratio test
(LMR-LRT), and the bootstrapped likelihood ratio test (BLRT) below 0.05 indicated that the model with k
profiles was superior to the model with k minus one profiles [67]; (4) entropy values ranging from 0 to 1
were assessed, with higher values indicating better classification accuracy. Independent-samples t-tests were
used to examine differences in physical activity and core self-evaluation between different social anxiety
categories. Throughout the analyses, place of residence, grade, and gender were included as covariates, and
all variables were standardized prior to analysis.

3 Results

3.1 Preliminary Analyses
This study used Harman’s single-factor test to assess common method bias from adolescents’ self-

reports. The first factor accounted for 35.571% of the variance, below the 40% threshold, indicating that
common method bias was not a significant issue [68].

Table 1 presents the descriptive statistics and correlations for social anxiety, core self-evaluation, and
physical activity. Social anxiety (Mean = 1.23, standard deviation [SD] = 0.83) showed significant negative
correlations with both core self-evaluation (r = −0.368, p < 0.001) and physical activity (r = −0.381, p < 0.001).
Core self-evaluation (Mean = 3.29, SD = 0.87) was positively correlated with physical activity (r = 0.522,
p < 0.001).
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Table 1: Descriptive statistics and correlations (N = 3025)

Variables Mean ± SD Skewness Kurtosis 1 2 3
1. Social anxiety 1.23 ± 0.83 1.648 2.318 1

2. Core self-evaluation 3.29 ± 0.87 −0.382 −0.385 −0.368*** 1
3. Physical activity 3.84 ± 1.86 −0.190 −0.814 −0.381*** 0.522*** 1

Note: ***p < 0.001.

3.2 Variable-Centered Analysis
The relationship between physical activity, core self-evaluation, and social anxiety was examined from a

variable-centered perspective, with core self-evaluation tested as a mediator. After standardizing all variables,
social anxiety was set as the dependent variable, physical activity as the independent variable, and core self-
evaluation as the mediator. Gender, grade, and place of residence were included as control variables, and the
analysis was conducted using the PROCESS macro. The results showed that physical activity was significantly
negatively associated with social anxiety (β = −0.318, p < 0.001) and a significant positive association with
core self-evaluation (β = 0.471, p < 0.001). When both physical activity and core self-evaluation were included
in the regression, Physical activity still had a significant negative association with social anxiety (β = −0.224,
p < 0.001), and core self-evaluation had a significant negative association with social anxiety (β = −0.200, p
< 0.001). Additionally, gender showed significant associations with social anxiety (β = 0.350, p < 0.001), core
self-evaluation (β = −0.282, p < 0.001), with females reporting higher levels of social anxiety and lower levels
of core self-evaluation compared to males. The results are presented in Table 2 and illustrated in Fig. 1.

Table 2: Testing the mediation model

Variable Social anxiety Core self-evaluation Social anxiety

β t β t β t
Gender 0.350 9.952*** −0.282 −8.657*** 0.293 8.384***

Place of residence 0.102 3.081** −0.085 −2.759** 0.085 2.610**
Grade 0.064 4.255*** −0.047 −3.326** 0.055 3.693***

Physical activity −0.318 −18.123*** 0.471 28.900*** −0.224 −11.481***
Core self-evaluation −0.200 −10.403***

R2 0.181 0.295 0.209
F 166.614*** 315.171*** 159.667***

Note: Dependent variable (Social anxiety), Independent variable (physical activity), mediator variable (self-
evaluation), Control variables (Gender, Place of residence, Grade). **p < 0.01, ***p < 0.001.

The mediating effect was further tested using the Bootstrap method with 5000 resamples. As shown
in Table 3, the 95% CI did not include “0,” with an effect value of −0.09 accounting for 30% of the total
effect [69]. Therefore, core self-evaluation has a mediating effect between physical activity and social anxiety.
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Figure 1: Mediation effect diagram. ***p < 0.001

Table 3: Results of mediation effect analysis

Path Effect BootSE 95% Boot CI Relative proportion
Total effect −0.318 0.018 −0.353, −0.284 100%

Direct effect −0.224 0.020 −0.262, −0.186 70%
Indirect effect −0.094 0.009 −0.113, −0.076 30%

3.3 Person-Centered Analysis
The relationship between physical activity, core self-evaluation, and social anxiety was further examined

from a person-centered perspective. First, based on the 12 adolescent social anxiety scale items, latent profile
analysis was conducted using Mplus 8.3, testing models with 1 to 5 profiles. As shown in Table 4, the 2-profile
model performed well, with an Entropy value as high as 0.997, indicating clear differentiation of the profiles.
The LMR-LRT and BLRT were significant (p < 0.001), and the smallest profile accounted for more than 5%
of the sample. Overall, the 2-profile model was the best-fitting model.

Table 4: Fit statistics for latent profile models based on social anxiety

Profiles AIC BIC aBIC LMR-LRT BLRT Entropy 1 2 3 4 5
1 109,439.12 109,583.47 109,507.21 N/A N/A 1 1
2 90,828.98 91,051.52 90,933.96 <0.001 <0.001 0.997 0.896 0.104
3 87,927.04 88,227.77 88,068.91 <0.001 <0.001 0.829 0.535 0.368 0.097
4 85,373.45 85,752.38 85,552.20 <0.001 <0.001 0.863 0.469 0.404 0.032 0.094
5 84,130.30 84,587.42 84,345.94 <0.001 <0.001 0.889 0.310 0.530 0.037 0.091 0.033

Note: N/A, not applicable; AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; aBIC, adjusted
Bayesian Information Criterion; LMR-LRT, Lo-Mendell-Rubin Likelihood Ratio; BLRT, Bootstrap Likelihood
Ratio Test.

Fig. 2 shows the characteristics of the two identified profiles. Profile 1 (labeled as “low social anxiety
profile,” n = 2709, 89.6%) was characterized by mean scores around 1 on all 12 items. Profile 2 (labeled as



1618 Int J Ment Health Promot. 2025;27(10)

“high social anxiety profile,” n = 316, 10.4%) was characterized by mean scores all exceeding 3, with no overlap
between the two profiles.

Figure 2: Scores and distribution of the two social anxiety profiles. Note: Y1–Y12 represent the 12 items for social anxiety

Table 5 shows the differences in core self-evaluation and physical activity across different social anxiety
profiles. The high social anxiety profile had significantly lower scores on core self-evaluation and physical
activity than the low social anxiety profile.

Table 5: Differences in core self-evaluation and physical activity across different social anxiety profiles

Predictor Profile N Mean SD t

Core self-evaluation Low social anxiety 2709 3.32 0.87 6.109***
High social anxiety 316 3.04 0.77

Physical activity Low social anxiety 2709 3.99 1.85 17.278***
High social anxiety 316 2.50 1.40

Note: ***p < 0.001.

4 Discussion
This study adopted both variable-centered and person-centered analytical approaches. It focused on the

predictive role of physical activity in adolescent social anxiety and the mediating role of core self-evaluation.
Furthermore, from a person-centered perspective, it identified latent profiles of social anxiety among
adolescents and examined the differences in physical activity and core self-evaluation across these profiles.
The results from these two approaches complement each other, providing a more in-depth exploration of
the factors influencing adolescent social anxiety and offering theoretical support for effective prevention
and intervention.

Our study found that physical activity has a negative association with adolescents’ level of social anxiety,
thereby supporting Hypothesis 1, and this finding is consistent with previous research [19,31]. According to
self-efficacy theory, Physical activity can significantly enhance an individual’s self-efficacy, enabling them to
better cope with stressful situations and thereby reducing the level of anxiety [22,70]. Additionally, from the
cognitive control perspective, physical activity can effectively change individuals’ erroneous perceptions of
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external stimuli, reducing anxiety caused by cognitive biases [20,24,25]. Through regular physical activity,
adolescents can improve their physical fitness and enhance their social skills in team sports, creating a
positive social environment that alleviates social anxiety [71,72]. Therefore, promoting their physical activity
habits is one of the more effective approaches to reducing social anxiety in adolescents. Both school and
family education should place greater emphasis on cultivating adolescents’ physical activity habits.

This study found that core self-evaluation mediates adolescents’ physical activity and social anxiety,
confirming Hypothesis 2. Adolescents can build positive interpersonal interaction patterns through physical
activity [73,74]. On this basis of positive interaction, they are more likely to perceive support, understanding,
and affirmation from others, recognize their significance and value, and thus evaluate themselves more
positively. Meanwhile, as an important psychological resource for individuals, core self-evaluation can
enhance their sense of control in coping with stress and difficulties, prompting them to adopt more positive
coping strategies to solve problems and face life with a more positive and optimistic attitude and stronger
adaptability [75,76]. According to the perspective of self-efficacy theory, individuals with higher core self-
evaluation have a stronger motivation to complete tasks. Adolescents with higher core self-evaluation are
more confident in handling various matters in life, reducing social anxiety.

Our study also highlights the significant associations of gender with social anxiety, core self-evaluation,
and physical activity. The pronounced association of gender with social anxiety, which is even more
pronounced than the association with physical activity, suggests that gender differences should be taken into
account in interventions aimed at reducing social anxiety. Therefore, families, schools, and society should
all value the positive role of physical activity in adolescents’ physical and mental health development. They
should guide adolescents to discover their strengths and values during physical activity to improve their core
self-evaluation, reduce social anxiety, and develop positive mental health. Future research should further
explore the underlying mechanisms of these gender differences and develop targeted interventions that
address the specific needs of different genders.

Building on the variable-centered approach, this study introduced a person-centered research perspec-
tive. Through latent profile analysis, adolescents’ social anxiety was divided into two potential categories:
lowsocial-anxiety type and high-social-anxiety type, thereby supporting Hypothesis 3. It is important to
note that these categories were not determined by a median split. The results show that there are significant
differences in physical activity habits and core self-evaluation among adolescents in different social anxiety
categories. Specifically, adolescents in the low-social-anxiety category have significantly better physical
activity habits and higher levels of core self-evaluation than those in the high-social-anxiety category. This
result corroborates the variable-centered research findings: individuals with good physical activity habits
tend to have higher core self-evaluation, predicting lower social anxiety levels.

On the other hand, looking at the scores of adolescents in each potential category on the relevant
indicators, it can be seen that the overall level of physical activity habits and core self-evaluation among
adolescents is in the lower-middle range, similar to previous research findings. According to the social
ecological model [77], adolescent physical activity evolves gradually. Early adolescence is shaped mainly
by family and school influences, and later by peers, community, and broader social and cultural factors,
gradually stabilizing into lasting habits. The subjects of this study are in the middle adolescence stage, and
their physical activity habits and core self-evaluation are still in the development stage. Meanwhile, studies
have shown that restricted environments can affect the development of adolescents’ physical activity habits
and core self-evaluation. For example, some adolescents may have fewer opportunities to participate in
physical activity due to factors such as family economic conditions, insufficient school sports resources,
or lack of peer support, thereby affecting the improvement of their core self-evaluation. These additional
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barriers and factors can exacerbate adolescents’ challenges, resulting in lower physical activity habits and
core self-evaluation levels.

Furthermore, it is worth noting that adolescents in the high social anxiety category had significantly
lower scores in physical activity habits and core self-evaluation than those in the other category. First,
this pattern aligns with findings from previous studies and supports developmental contextual theory [78].
Developmental contextual theory proposes that physical activity habits begin in adolescence as a single,
undifferentiated dimension and gradually evolve into a differentiated, multifactor structure as adolescents
interact with expanding social and environmental contexts [79,80]. This change is related to cognitive
functions and brain development [81]. Most of the subjects in this survey are in the middle adolescence stage,
and the results show that this developmental change is also the case among adolescents. Second, developing
physical activity habits involves multiple aspects, including individuals’ interest in sports activities, the fre-
quency and intensity of their participation, and the sense of achievement they gain from sports activities [82].
The reason why adolescents in the high-social-anxiety category have lower core self-evaluation scores may
be related to their lack of sufficient opportunities for physical activity during their growth.

Implications and Limitations
This study integrates both variable-centered and person-centered perspectives. Based on self-efficacy

theory and cognitive control theory, it explores the mediating mechanism of core self-evaluation in the
relationship between physical activity and social anxiety. It also finds that adolescents can be divided into
subgroups based on different physical activity habits and core self-evaluation combinations. This provides
new ideas for future in-depth research on social anxiety and has important practical guiding significance for
the prevention and intervention of social anxiety in adolescents.

To begin with, educators and parents should pay attention to cultivating adolescents’ physical activity
habits and improving their core self-evaluation, and recognize the importance of physical activity and
core self-evaluation for individual growth and development. Early adolescence is critical for developing
physical activity habits, core self-evaluation, and forming stable values. Physical activity and core self-
evaluation can help adolescents coordinate personal goals with the demands of the external environment,
achieve harmonious development between the self and the environment, and promote positive autonomous
development in adolescents.

Next, when guiding adolescents’ growth, educators and parents should focus on guiding them to
set reasonable goals and provide beneficial environmental resources for their growth, for example, by
understanding adolescents’ psychological needs and helping them clarify their growth goals and values
according to external environmental requirements and their actual situations, especially in establishing a
positive self-perception to achieve a higher level of core self-evaluation.

Lastly, educators and parents should pay attention to differences among groups. For adolescents with
different levels of social anxiety, schools can conduct tiered psychological counseling and group activities. For
example, small-group counseling can be conducted to help adolescents in the high-social-anxiety category
gradually overcome social barriers and improve their social skills. Schools can also popularize knowledge
about social anxiety through mental health education courses to help students correctly understand and cope
with social anxiety.

This study has certain limitations. First, this study is a cross-sectional study. Physical activity and
core self-evaluation are variables that change over time. Therefore, future research needs to supplement
longitudinal studies to explore these variables’ dynamic development and changes. Second, the research
on the mediating mechanism of core self-evaluation is still insufficient. Future research should introduce
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more third variables (such as family support, peer relationships, etc.) to explore the key factors influencing
social anxiety. Third, our study utilized a convenience sampling method, drawing participants from ten
middle schools in Jiangxi Province. This non-random sampling approach may limit the generalizability
of our findings. While our sample size is large, the results may not be representative of all adolescents in
China. Future research should aim to use more diverse and representative samples to confirm these findings.
In addition, the measurement tools used in this study may have limitations. For example, the single-item
measure of physical activity may not fully reflect an individual’s activity level, and the applicability of the core
self-evaluation scale may be affected by cultural background. Future research should consider using more
comprehensive measurement tools to improve the accuracy and reliability of the results. Finally, this study
did not collect more relevant demographic variables (such as family economic status, parents’ education level,
etc.), and the sample was mainly from urban areas. Future research should consider more control variables
and require more samples to further verify the universality of the results.

5 Conclusions
Using a sample of 3025 Chinese adolescents, this study applied both variable-centered and person-

centered approaches to examine the associations among physical activity, core self-evaluation, and social
anxiety. Variable-centered analyses revealed that physical activity exerted a significant negative association
with social anxiety and that core self-evaluation partially mediated this link, accounting for 30% of the total
effect. Person-centered latent profile analysis identified an optimal two-profile solution: a low social-anxiety
profile (89.6%) and a high social-anxiety profile (10.4%). The high-anxiety profile reported markedly lower
levels of both physical activity and core self-evaluation than the low-anxiety profile. For the first time in an
adolescent population, the findings integrate evidence from both analytical perspectives, establish physical
activity and core self-evaluation as modifiable protective factors against social anxiety, and validate a two-
profile structure of social anxiety. These results provide a theoretical foundation and practical guidance for
tiered and targeted school-based mental-health interventions. Schools and families are encouraged to jointly
promote adolescents’ engagement in physical activity and foster positive self-evaluations, while delivering
specially tailored support for those at elevated risk.
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