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Background
Adolescent depressive symptoms are a significant mental health concern. Physical activity 
and core self-evaluation are potential protective factors against mental health issues. 
However, their combined associations with depression and subgroup heterogeneity in 
Chinese adolescents remain insufficiently understood.

Objective
This study examines the relationship between physical activity and core self-evaluation in 
relation to depressive symptoms, employing both variable-centered and person-centered 
approaches, and identifies subgroups defined by joint patterns of these variables.

Methods
Participants included 948 junior high school students (mean age: 12.54 ± 1.11 years; 56.2% 
female) who completed the Physical Activity Rating Scale, the Core Self-Evaluation Scale, 
and the depression subscale of the Depression, Anxiety, and Stress Scale‑21. Controlling 
for sex, grade, and residence, mediation was tested in SPSS using PROCESS Model 4 with 
5,000 bootstrap resamples. Item-level indicators were entered into Mplus 8.3 for latent 
profile analysis (LPA) of physical activity and core self-evaluation.

Results
Physical activity was inversely associated with depressive symptoms (β = −0.22, p<0.001) 
and positively associated with core self-evaluation (β = 0.46, p<0.001). Core self-evaluation 
was negatively associated with depressive symptoms (β = −0.35, p<0.001) and partially 
accounted for the association between physical activity and depressive symptoms (indirect 
β = −0.16, 95% confidence interval = [−0.21, −0.12]), representing about 42% of the total 
effect. LPA identified three subgroups: low physical activity-low core self-evaluation 
(18.36%), moderate-moderate (60.55%), and high-high (21.09%), with the low-low group 
reporting the highest depressive symptoms and the high-high group the lowest.

Conclusion
Physical activity and core self-evaluation show complementary associations with lower 
depressive symptoms in Chinese adolescents, supporting integrated, stratified programs 
that foster active lifestyles and positive self-views.
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1. INTRODUCTION

Across the globe, depressive symptoms in adolescents have 
become a critical public health issue in the field of mental 
health.1-3 Their high prevalence and often insidious onset 
pose serious threats to both the physical and psychologi-
cal development of young people.4,5 Depressive symptoms 
are typically characterized by persistent low mood, anhe-
donia, and feelings of worthlessness,6 as well as cognitive 
and behavioral impairments that interfere with everyday 
functioning.7 These symptoms not only cause immediate 
emotional distress but are also linked to long-term adverse 
outcomes in academic performance, social relationships, 
and overall health.8,9 Epidemiological studies indicate that 
15–30% of adolescents worldwide experience depressive 
symptoms.10 Beyond reflecting individual suffering, ado-
lescent depression can set off a cascade of negative conse-
quences, including smoking, alcohol consumption, social 
withdrawal, reduced levels of physical activity, irregular 
sleep patterns, academic decline, and even an elevated risk 
of self-harm and suicide.11-14

1.1. PHYSICAL ACTIVITY AND DEPRESSIVE 
SYMPTOMS

Physical activity is typically defined as planned and regu-
lar participation in exercise and is identified by the World 
Health Organization as a key behavior for promoting mental 
health in young people.15 A growing body of evidence indi-
cates that adolescents who engage in regular physical activ-
ity report fewer depressive symptoms than their less active 
peers.16-18 Epidemiological and longitudinal studies have 
shown that insufficient physical activity during adolescence 
is associated with a higher risk of depressive symptoms 
and depressive disorders, whereas meeting recommended 
levels of moderate-to-vigorous activity appears to confer 
a protective effect.19-21 Intervention studies further suggest 
that increasing physical activity can reduce core depressive 
symptoms, such as persistent low mood, anhedonia, and 
feelings of worthlessness, indicating that physical activity 
may play both a preventive and an adjunctive therapeutic 
role in adolescent depression.22,23

1.2. THE MEDIATING ROLE OF CORE 
SELF-EVALUATION

In the relationship between physical activity and depres-
sive symptoms, core self-evaluations are likely to serve as 
a key mediating factor. Core self-evaluations refer to indi-
viduals’ fundamental appraisals of their abilities and worth 
(i.e., their overall self-view or self-worth),24,25 encompassing 
components such as self-esteem, self-efficacy, emotional 
stability, and the locus of control.26 According to Bandura’s 
social cognitive theory,27 individual behavior is shaped by 
the reciprocal interaction of personal, environmental, and 
behavioral factors, among which self-efficacy plays a cen-
tral role in motivating behavior and maintaining men-
tal health. As a foundational psychological resource, core 
self-evaluations influence how individuals interpret stress-
ful events and what coping strategies they adopt when fac-
ing adversity.28,29

As a self-enhancing behavior, physical activity can 
strengthen core self-evaluations through multiple path-
ways. Regular participation in physical activity provides 
repeated mastery and achievement experiences, which, 

in turn, reinforce positive self-judgments and enhance 
self-efficacy. Improvements in physical condition and 
fitness further help to increase self-esteem and reduce 
self-devaluation and feelings of worthlessness.30 In addi-
tion, the planning, persistence, and self-regulation involved 
in physical activity help to strengthen individuals’ sense of 
personal control and internal locus of control, thereby fos-
tering more positive and stable core self-evaluations.31,32

Higher levels of core self-evaluations are closely asso-
ciated with lower levels of depressive symptoms and can, 
to some extent, buffer the negative emotional impact of 
adverse life events.33,34 Empirical studies have shown that 
adolescents with higher core self-evaluations tend to dis-
play stronger psychological resilience, more adaptive cop-
ing strategies, and a lower risk of depression than those with 
lower self-evaluations.35-38 Although existing research has 
preliminarily revealed associations among physical activity, 
core self-evaluations, and depressive symptoms, the spe-
cific mechanisms through which physical activity influences 
depressive symptoms through core self-evaluations remain 
unclear and warrant further investigation.

1.3. LATENT PROFILE ANALYSIS (LPA)

Prior work has largely relied on variable-centered methods 
to explore how physical activity and core self-evaluations 
relate to depressive symptoms. However, such analyses fail 
to capture heterogeneity within adolescent populations.39 
With marked differences among adolescents in physical 
activity and core self-evaluations, focusing on averages 
alone risks obscuring subgroup distinctions. To address this 
issue, the present study employed LPA, using combinations 
of physical activity and core self-evaluations as classifica-
tion indicators to identify potential subgroups, and then 
comparing subgroup differences in depressive symptoms. 
This method allows for the exploration of how distinct joint 
patterns of physical activity and core self-evaluations shape 
adolescents’ risks for depression.

1.4. CURRENT RESEARCH

In summary, drawing on both variable- and person-centered 
perspectives, this study systematically investi-
gated the relationship between physical activity, core 
self-evaluations, and depressive symptoms in adolescents. 
We first employed structural equation modeling to exam-
ine the direct relationship between physical activity and 
depressive symptoms (Hypothesis 1) and investigate 
whether core self-evaluations mediate this association 
(Hypothesis 2). We then applied LPA to derive adolescent 
subgroups from joint patterns of physical activity and core 
self-evaluations and compared their depressive symptom 
levels (Hypothesis 3). The results are expected to advance 
the understanding of mechanisms of adolescent depression 
and inform targeted interventions across school, family, 
and community settings.

2. MATERIALS AND METHODS

2.1. PARTICIPANTS AND DATA COLLECTION

Using G*Power 3.1, we conducted an a priori power 
analysis tailored to a mediation model. Assuming a 
small-to-moderate effect (f2 = 0.05), with a power of 0.80 
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and an alpha level of 0.05, the analysis indicated that a min-
imum of 160 participants were required.

A cross-sectional design was adopted. Data were collected 
between March and April 2024 from four middle schools in 
Jiangxi, China (two in urban areas and two in rural areas). 
Schools were selected based on administrative feasibility 
and willingness to participate. Within each school, intact 
classes were recruited using convenience cluster sampling 
(intact classes).

All measures were administered electronically through 
an online survey platform in the schools’ computer rooms. 
The platform automatically recorded each student’s start 
and completion times, which were used to calculate total 
response duration and apply the 300-s exclusion criterion. 
Questionnaires were completed collectively during regular 
class sessions under the supervision of trained research 
assistants and classroom teachers. Students were assured of 
anonymity and confidentiality, and the survey took approx-
imately 20–25 min to complete.

No monetary or material compensation was provided to 
participating students or schools. Participation was entirely 
voluntary, and students were informed that they could dis-
continue their participation at any time without incurring 
any academic or administrative consequences.

All psychological data collected from children and ado-
lescents were stored and managed in de-identified form. 
Immediately after data collection, raw records were exported 
from the online platform and stripped of any directly iden-
tifying information (e.g., names and student IDs). Each 
participant was assigned a unique code; the linkage file, 
which connected codes to specific classes, was stored sep-
arately in an encrypted file accessible only to the principal 
investigator.

In total, 1,180 questionnaires were distributed, and 
1,137 were returned (response rate = 96.4%). After data 
screening, we excluded cases with more than 10% miss-
ing items (n  = 95), cases with extremely short completion 
times (<300 s) and/or clear evidence of patterned respond-
ing (n  =  21), and cases that failed the validity check item 
(n = 73). The final analytic sample consisted of 948 partici-
pants (effective rate = 83.4%). Little’s missing completely at 
random test indicated that the remaining missing data were 
trivial; therefore, listwise deletion was used in the primary 
analyses. As shown in Table  1, the final sample (n = 948) 
had a mean age of 12.54 years, included slightly more girls 
than boys, and was approximately evenly distributed across 
grades and residential (urban/rural) settings.

The study was approved by the Ethics Committee of 
Jiangxi Normal University (IRB-JXNU-PEC-20240103) 

and conducted in accordance with the principles outlined 
in the Declaration of Helsinki. Written informed consent 
was obtained from all student participants and their legal 
guardians before the commencement of data collection. 
Participants were informed of their right to withdraw at any 
time without penalty, and all data were de-identified before 
analysis. An on-site referral protocol to school counseling 
services was available for any participant who exhibited 
notable distress during the survey.

2.2. MEASUREMENTS

This study employed a self-report questionnaire, with all 
included scales administered in Chinese using validated 
Chinese versions. To ensure consistency of item compre-
hension and feasibility, a small pilot test (n = 18) was con-
ducted. To mitigate common method bias, we implemented 
procedural controls, including counterbalanced presenta-
tion order, embedded attention-check items, and the reten-
tion of reverse-worded items.

Physical activity was assessed using the Physical Activity 
Rating Scale 3 developed by Liang.40 The scale measures 
individuals’ physical activity levels across three dimen-
sions: intensity, duration, and frequency. Intensity is rated 
on a five‑point scale from 1 (light activity) to 5 (vigorous, 
long‑lasting activity accompanied by rapid breathing and 
heavy sweating); frequency is rated from 1 (less than once 
per month) to 5 (once every day); and duration is rated from 
0 (<10  min) to 4 (more than 60  min). The total physical 
activity score is calculated by multiplying the scores from 
the three dimensions, yielding a possible range of 0–100, 
with higher scores indicating higher levels of physical activ-
ity. In the present sample, the Cronbach’s α was 0.77.

Core self‑evaluation was assessed using the 10‑item Core 
Self‑Evaluation Scale developed by Judge et al.41 The items 
are rated on a five‑point Likert scale ranging from 1 (com-
pletely disagree) to 5 (completely agree). After averaging the 
item scores, higher mean scores reflect more positive core 
self‑evaluations. The scale has been widely used in Chinese 
populations.42,43 In the present sample, the Cronbach’s α 
was 0.88, indicating a good internal consistency.

Depressive symptoms were measured using the depres-
sion subscale of the Depression Anxiety Stress Scales‑21 
(DASS‑21), originally developed by Lovibond and Lovibond44 
and culturally adapted for Chinese populations. The sub-
scale consists of seven items rated on a four‑point Likert 
scale ranging from 0 (did not apply to me at all) to 3 (applied 
to me very much or most of the time). Scores are summed 
and then averaged, with higher mean scores indicating more 
severe depressive symptoms. DASS‑21 has demonstrated 
stable factor structure, excellent reliability, and validity 
among Chinese adolescents.45,46 In the present study, the 
Cronbach’s α for the depression subscale was 0.85, indicat-
ing a good internal consistency.

2.3. DATA ANALYSIS

Data were analyzed using SPSS Statistics 26.0 (IBM, 
United States [US]) and Mplus 8.3 (Muthen and Muthen, 
US). Descriptive statistics and bivariate correlations were 
computed in SPSS. Before modeling, all continuous vari-
ables were standardized (z-scores), and residence, grade, 
and sex were included as covariates in subsequent analy-
ses. The indirect effect of physical activity on depressive 
symptoms through core self-evaluation was tested using 

Table 1. General characteristics of participants (n=948)

Variable Values (%)

Sex
Male 415 (43.8)
Female 533 (56.2)

Grade
Grade 7 485 (51.2)
Grade 8 463 (48.8)

Residence
Rural 466 (49.2)
Urban 482 (50.8)

Age (years), mean (standard deviation) 12.54 (1.11)

Note: Data are presented as n (%), unless stated otherwise.
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PROCESS macro (v3.5; Model 4) with 5,000 bootstrap 
resamples and bias-corrected 95% confidence intervals 
(CIs).47 Subsequently, an LPA based on item-level indicators 
of physical activity and core self-evaluation was conducted 
in Mplus. The criteria for model selection were as follows: 
each class had to contain at least 5% of the sample;48 lower 
values of the Akaike Information Criterion (AIC), Bayesian 
Information Criterion (BIC), and sample-size-adjusted BIC 
(aBIC) indicated a better model fit;49 significant p-values for 
the Lo-Mendell-Rubin likelihood ratio test (LMR-LRT) and 
bootstrap likelihood ratio test (BLRT) (p<0.05) supported 
the k-class model over the k−1 class model;50 and entropy 
values ranged from 0 to 1, with higher values indicating 
greater classification accuracy. Finally, one-way analysis 
of variance was used to examine differences in depressive 
symptoms across the derived LPA classes and across catego-
ries of physical activity and core self-evaluation.

3. RESULTS

3.1. DESCRIPTIVE STATISTICS FOR THE OBSERVED 
VARIABLES

Table 2 presents descriptive statistics and bivariate correla-
tions among the study variables. Physical activity was pos-
itively associated with core self-evaluation, whereas both 
physical activity and core self-evaluation were negatively 
associated with depressive symptoms (p<0.001). All corre-
lations were analyzed using Pearson’s r.

3.2. VARIABLE-CENTERED ANALYSIS

We examined the associations among physical activity, 
core self-evaluation, and depressive symptoms from a 
variable-centered perspective, with core self-evaluation 
specified as a mediator. All variables were standardized 
(z-scores); depressive symptoms served as the depend-
ent variable, physical activity as the independent varia-
ble, and core self-evaluation as the mediator. Sex, grade, 
and residence were entered as covariates. Analyses were 
conducted using the PROCESS macro (v3.5; Model 4) with 
bias-corrected bootstrapping (5,000 resamples).

As shown in Table 3 and Figure 1, physical activity was 
positively associated with core self-evaluation (β = 0.46, 
t = 16.06, p<0.001) and negatively associated with depres-
sive symptoms (β = −0.22, t = −7.00, p<0.001). Core self-eval-
uation also showed a significant negative association with 
depressive symptoms (β = −0.35, t = −11.43, p<0.001). Model 
fit indices indicated adequate explanatory power (R2 = 0.22 
for the mediator model; R2 = 0.29 for the outcome model; 
both F-statistics p<0.001).

The mediating role of core self-evaluation was further 
tested using a bias-corrected bootstrap method with 5,000 
resamples. The indirect effect was significant (β = −0.16), and 
the 95% CI [−0.21, −0.12] did not include zero, accounting 

for approximately 42% of the total effect.51 These results 
provide robust evidence that core self-evaluation mediates 
the relationship between physical activity and depressive 
symptoms.

3.3. PERSON-CENTERED ANALYSIS

We also investigated the link between physical activity and 
core self-evaluation using a person-centered approach. 
Using 13 item-level indicators (X1–X3 for physical activity; 
M1–M10 for core self-evaluation), we ran LPAs in Mplus 
8.3, estimating 1- to 5-profile solutions. As summarized in 
Table  4, the model fit improved with the addition of pro-
files, as reflected by declining AIC, BIC, and aBIC values. 
The 2-profile solution demonstrated good classification 
quality (entropy = 0.874) and significant LMR-LRT and 
BLRT (both p<0.001), with class sizes of 31.01% and 68.99%. 
The 3-profile solution showed further improvement in 
fit, with higher entropy (0.922), significant LMR-LRT and 
BLRT (p<0.001), and acceptable class proportions (60.55%, 
18.36%, and 21.09%). Although the 4- and 5-profile models 
also showed a reasonable fit, they yielded relatively small 

Table 2. Descriptive statistics and correlations among study variables

Variable Mean (SD) Median Min/max Physical activity Core self‑evaluation Depressive symptoms

Physical activity 29.18 (29.98) 20.00 0/100 1 ‑ ‑
Core self‑evaluation 3.12 (0.97) 3.20 1.20/4.90 0.47*** 1 ‑
Depressive symptoms 3.33 (3.23) 3.00 0/16 −0.39*** 0.47*** 1

Note: ***p<0.001.
Abbreviation: SD: Standard deviation.

Table 3. Multiple regression analyses predicting core 
self‑evaluation and depressive symptoms

Variable Core 
self‑evaluation

Depressive 
symptoms

β t β t

Sex −0.13 −2.20* 0.16 2.87**
Grade −0.06 −1.10 0.25 4.52***
Residence −0.07 −1.27 0.24 4.35***
Physical activity 0.46 16.06*** −0.22 −7.00***
Core self‑evaluation ‑ ‑ −0.35 −11.43***
R2 0.22 0.29
F 67.67*** 78.77***

Notes: Standardized regression coefficients (β) are reported. 
*p<0.05, **p<0.01, ***p<0.001.

Figure 1. Mediation model of the association between 
physical activity and depressive symptoms through 
core self-evaluation
Note: ***p<0.001
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classes (e.g., 7.17% in the 5-profile solution), which limited 
their practical interpretability. Considering statistical indi-
ces, class size adequacy (≥5%), and theoretical interpretabil-
ity, the 3-profile model was retained as the optimal solution.

Figure 2 presents the characteristics of the three identi-
fied profiles. Profile 1 (labeled as moderate physical activi-
ty-moderate core self-evaluation, n = 574, 60.55%) showed 
moderate mean scores across the 13 items, maintaining a 
relatively stable mid-level pattern. Profile 2 (labeled as low 
physical activity-low core self-evaluation, n = 174, 18.36%) 
was characterized by consistently low mean scores. Profile 3 
(labeled as high physical activity-high core self-evaluation, 
n = 200, 21.09%) demonstrated the highest mean scores, 
all above 4, clearly distinguishing it from the other two 
profiles.

Table  5 shows the differences in depressive symptoms 
across the three identified profiles. Significant group dif-
ferences emerged (F = 150.77, p<0.001). Post hoc compari-
sons (Tukey’s honestly significant difference) indicated that 
the low physical activity-low core self-evaluation group 
reported the highest depressive symptoms, followed by the 
moderate physical activity-moderate core self-evaluation 
group, and the high physical activity-high core self-evalu-
ation group reported the lowest (2 > 1 > 3).

4. DISCUSSION

This study adopted a dual analytic framework, integrating both 
variable-centered and person-centered approaches, to sys-
tematically examine the mechanisms and group differences 
underlying the relationships among physical activity, core 
self-evaluations, and depressive symptoms in adolescents. 
From a variable-centered perspective, the study tested the 
predictive effect of physical activity on depressive symptoms 
and further verified the mediating role of core self-evaluations 
in this association. From a person-centered perspective, item-
level indicators of physical activity and core self-evaluations 
were used to identify latent subgroups, and differences in 
depressive symptoms across these subgroups were compared. 
These complementary approaches not only illuminate the key 
mechanisms shaping adolescent depressive symptoms but 
also reveal population heterogeneity, offering theoretical and 
practical guidance for developing stratified and targeted pre-
vention and intervention strategies.

Hypothesis 1 proposed that physical activity would be 
negatively associated with depressive symptoms, and the 
present findings provide clear support for this assumption. 
Consistent with previous research,52,53 the regression anal-
yses, after adjusting for relevant covariates, showed that 
higher levels of physical activity significantly predicted 
lower levels of depressive symptoms. From the perspective 
of emotion regulation theory, engaging in regular physi-
cal activity promotes the release of endorphins and other 
mood-enhancing neurochemicals that function as natural 
regulators of stress and negative affect.54-56 Such physio-
logical benefits enable adolescents to manage emotional 
challenges more effectively. Conversely, insufficient phys-
ical activity deprives adolescents of this protective mecha-
nism, making them more vulnerable when confronted with 
academic pressures or interpersonal difficulties, as they 
lack adequate physiological resources to regulate negative 
emotions.57,58 Consequently, strengthening adolescents’ 
engagement in physical activity may serve as an important 
pathway to reducing depressive symptoms and supporting 
emotional well‑being.

Hypothesis 2 tested whether core self-evaluations would 
mediate the relationship between physical activity and 

Table 4. Model fit indices and class distribution for latent profile solutions

Profiles AIC BIC aBIC LMR‑LRT (p) BLRT (p) Entropy Percentage by category

1 43,303.79 43,430.01 43,347.43 ‑ ‑ ‑ ‑
2 40,527.66 40,721.83 40,594.79 <0.001 <0.001 0.874 31.01/68.99
3 39,305.03 39,567.16 39,395.66 <0.001 <0.001 0.922 60.55/18.36/21.09
4 39,023.50 39,353.60 39,137.63 0.019 <0.001 0.893 16.46/24.05/41.14/18.35
5 38,674.04 39,072.10 38,811.67 0.075 <0.001 0.904 14.13/7.17/25.32/35.87/17.51

Abbreviations: aBIC: Sample‑size‑adjusted Bayesian Information Criterion; AIC: Akaike Information Criterion; BIC: Bayesian 
Information Criterion; BLRT: Bootstrap likelihood ratio test; LMR‑LRT: Lo‑Mendell‑Rubin likelihood ratio test.

Table 5. Differences in depressive symptoms across latent profiles

Profile n Mean SD F Post hoc 
tests

Moderate physical activity‑moderate core self‑evaluation 574 2.90 1.68 150.77*** 2>1>3
Low physical activity‑low core self‑evaluation 174 6.55 4.30
High physical activity‑high core self‑evaluation 200 1.78 3.68

Note: ***p<0.001.
Abbreviation: SD: Standard deviation.

Figure 2. Mean item profiles and class proportions for 
the three latent profiles
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depressive symptoms. The results supported this hypothe-
sis, confirming a significant mediating effect. Adolescents 
who engaged in higher levels of physical activity reported 
more positive core self-evaluations, which, in turn, reduced 
depressive symptoms. Drawing on core self-evaluation the-
ory, it can be argued that participation in physical activity 
helps adolescents strengthen self-efficacy, self-esteem, 
and perceived control through overcoming challenges and 
achieving goals.59,60 Enhanced core self-evaluations enable 
adolescents to adopt adaptive coping strategies and mobilize 
social resources when facing stressful situations, thereby 
lowering the likelihood of depressive symptoms.61,62 Physical 
activity provides adolescents with repeated opportunities 
to experience mastery, overcome challenges, and achieve 
goals, thereby strengthening self-efficacy, self-esteem, and 
perceived control. These enhanced core self‑evaluations 
help adolescents interpret stressors in a more adaptive 
manner, mobilize support, and employ constructive coping 
strategies, ultimately reducing the likelihood of depressive 
symptoms.63 In contrast, low levels of core self‑evaluations 
may magnify negative self‑attributions and foster a sense 
of helplessness, which increases vulnerability to depres-
sion. From this perspective, core self‑evaluations function 
not only as a cognitive-emotional resource but also as a key 
mechanism through which physical activity exerts its pro-
tective effect on mental health.64 These findings underscore 
the importance of fostering both behavioral engagement 
and positive self‑beliefs in adolescence. Interventions that 
combine structured physical activity with programs aimed 
at strengthening self‑efficacy, self‑esteem, and perceived 
personal control may be particularly effective in buffering 
against depressive symptoms and promoting healthy psy-
chological development.

Hypothesis 3 examined whether meaningful subgroup 
heterogeneity would emerge when considering physical 
activity and core self-evaluations jointly. Consistent with this 
hypothesis, the LPA identified three distinct patterns among 
adolescents: low physical activity-low core self-evaluations 
(18.37%), moderate physical activity-moderate core 
self-evaluations (60.54%), and high physical activity-high 
core self-evaluations (21.09%). These profiles reflected a 
clear correspondence between behavioral engagement and 
cognitive-emotional appraisal. Moreover, depressive symp-
toms showed significant graded differences across the three 
profiles, with the low-low group displaying the highest level 
of depressive symptoms, followed by the moderate-moderate 
group, and the high-high group showing the lowest symptom 
levels. This pattern reinforces the variable‑centered findings 
by demonstrating that adolescents with lower physical activ-
ity tend to exhibit lower core self-evaluations, which, in turn, 
place them at greater risk for depressive symptoms.

Beyond confirming the mediation results, the 
person‑centered analysis provides deeper insight into 
the developmental status of adolescents’ physical 
activity and core self-evaluations. Across the latent 
profiles, both constructs were generally at a moderate or 
slightly below‑average level, a pattern consistent with 
prior research.39 Developmental theories suggest that 
self-evaluative processes and self-regulatory capacities 
continue to mature throughout adolescence, typically 
progressing from less differentiated to more coherent and 
stable forms as cognitive and neural systems develop.65 
Given that the majority of participants in the present study 
were in early to middle adolescence, it is reasonable that core 
self-evaluations have not yet reached adult-like levels of 
stability and sophistication. Overall, these person-centered 

findings deepen our understanding of how behavioral and 
cognitive-emotional resources coalesce within different 
subgroups of adolescents. They underscore the need for dif-
ferentiated intervention strategies that target the unique 
profiles of risk and resilience observed across these groups.

One of the strengths of this study is the integration of 
both variable-centered and person-centered approaches, 
allowing for the identification of overall associations and 
individual heterogeneity. Another strength is the demon-
stration of a dual protective pathway against depres-
sion, incorporating the roles of physical activity and core 
self-evaluations. Methodologically, the use of item-level 
indicators in LPA and bootstrap-based mediation enhances 
measurement sensitivity and inferential robustness.

Nevertheless, several limitations warrant mention. First, 
the sample consisted of junior high school students from a sin-
gle province, constraining the generalizability of the results; 
future research should recruit adolescents across multiple 
regions and educational stages. Second, the cross-sectional 
design precludes causal inference; prospective cohort or mul-
ti-wave, cross-lagged panel designs are needed to test tem-
poral ordering and reciprocal influences. Third, reliance on 
self-reports may have introduced recall and social desirability 
biases; future work should incorporate accelerometer-based 
activity metrics, ecological momentary assessment of mood, 
and clinician-rated depressive symptoms to strengthen 
validity. Fourth, core self-evaluations were modeled as a 
global construct; dismantling analyses (e.g., bifactor or high-
er-order models) could reveal dimension-specific pathways 
(self-esteem, self-efficacy, locus of control, and emotional sta-
bility). Finally, unmeasured confounding (e.g., sleep duration/
quality, body mass index, chronic stress, and socioeconomic 
status) may bias estimates; sensitivity analyses or inclusion 
of these covariates are recommended.

5. CONCLUSION

This study combined variable-centered and person-centered 
approaches and found that higher physical activity was 
associated with fewer depressive symptoms among ado-
lescents. Core self-evaluation was not only significantly 
negatively related to depressive symptoms but also par-
tially mediated the association between physical activ-
ity and depressive symptoms. LPA further identified three 
groups—low physical activity-low core self-evaluation, 
moderate-moderate, and high-high—with a clear gradi-
ent in depressive symptoms (highest in the low-low group 
and lowest in the high-high group). These findings suggest 
that stratified interventions for adolescents should simul-
taneously promote regular physical activity and strengthen 
core self-evaluation, with particular priority given to the 
high-risk “double-low” group.
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