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The relationship between physical
activity and social anxiety in
adolescents: a cross-lagged study

Sihan Zhou'! and Wei Yang?*

!School of Law, Jiangsu University, Zhenjiang, China, 2Department of Physical Education, Jiangsu
University, Zhenjiang, China

Background: Social anxiety (SA) is highly prevalent among adolescents and is
closely linked to psychological wellbeing and social adjustment. Physical activity
(PA) has been identified as an important protective factor; however, most
existing studies rely on cross-sectional designs and focus on unidirectional
effects, overlooking potential bidirectional dynamics between PA and SA.
Objective: This study aimed to examine whether PA and SA exhibit stable
bidirectional longitudinal associations in adolescents and to test their temporal
stability and measurement invariance across three waves.

Methods: A three-wave longitudinal study was conducted over 12 months with
989 adolescents (aged 10-14 years) from 3 junior middle schools in Jiangsu
Province, China. PA was assessed using the PARS-3, and SA was measured
using the Short Form Social Interaction Anxiety Scale and the Short Form Social
Phobia Scale. Descriptive statistics and correlations were computed in SPSS
26.0. Measurement invariance and cross-lagged panel models (CLPMs) were
estimated using Mplus 8.3.

Results: (1) Both PA and SA demonstrated configural, metric, and scalar
invariance across the three waves, supporting comparability over time. (2) PA
and SA were significantly negatively correlated at all time points, and both
variables showed substantial temporal stability. (3) CLPM results indicated that
PA significantly negatively predicted subsequent SA (5 =-0.259 to -0.273),
while SA also significantly negatively predicted subsequent PA (5 = —0.175 to
—0.373), revealing a robust bidirectional negative longitudinal relationship.
Conclusion: PA and SA influence each other dynamically over time: lower PA
exacerbates SA, whereas higher SA reduces PA participation, forming a negative
feedback loop. Future interventions hould simultaneously promote PA and
reduce SA to break this maladaptive cycle and foster adolescents’ physical and
psychological development.

KEYWORDS

adolescents, cross-lagged panel model, longitudinal study, physical activity, social
anxiety

1 Introduction

Social anxiety (SA) refers to a persistent and intense sense of fear and avoidance that
individuals experience in social interaction contexts, typically manifested as excessive worry
about negative evaluation, avoidance of social situations, and physiological discomfort symptoms
(1). Originating from clinical psychology in the mid-20th century, the concept was later extended
to adolescence as researchers observed that SA is also prominent during this developmental
period (2). Wan et al. proposed that SA consists of three components: first, adolescents may feel
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tense and exhausted due to excessive social pressure; second, they may
develop pessimistic emotions and feelings of detachment during
interpersonal interactions; and third, they often experience a pervasive
sense of social incompetence during adolescence (3). Existing research
has shown that SA is highly prevalent among adolescents (4, 5). In
China in particular, the combined influence of educational competition
and digital social media means that adolescents are more likely to
experience SA when facing increasingly complex interpersonal
relationships and online pressures (6-8). Studying SA can not only
improve adolescents’ social functioning (9, 10) but also reduce feelings
and behaviors associated with social isolation (11, 12). Furthermore, as
a multifaceted psychological state, SA negatively affects subjective
wellbeing and mental health (13, 14). Studies have revealed that both
external factors, such as school pressure and family events, and
individual factors, including coping strategies and self-esteem, can
influence adolescents’ levels of SA (15-17).

Physical activity (PA), an important research topic in health
psychology in recent years, has been identified as a protective factor
against SA (18-20). PA refers to planned exercise and daily movements
that help maintain physical health, typically encompassing four
structural dimensions: exercise intensity, frequency, duration, and type
(21). The concept emerged from public health research in the late 20th
century, and as scholars further explored the link between physical and
mental health, they found that PA not only enhances physiological
functioning but also regulates psychological states, which play an
essential role in preventing and alleviating anxiety-related problems (22,
23). Empirical studies have demonstrated that higher levels of PA are
generally associated with lower anxiety symptoms, greater social
confidence, and better psychological regulation (24, 25). For example,
regular physical exercise can promote the release of endorphins,
enhance emotional stability, and strengthen individuals’ coping abilities
in social situations (26, 27). In contrast, adolescents with insufficient PA
are more likely to experience social withdrawal, reduced self-efficacy,
and more severe mental health problems such as depression or avoidant
personality tendencies (28, 29). Given that adolescents are highly
sensitive to peer evaluation and social performance, those with elevated
SA often avoid public or performance-oriented physical activities such
as ball games or group-based dance because they worry about appearing
incompetent or being negatively evaluated by peers. To reduce perceived
social risks, they may gravitate toward solitary and low-visibility leisure
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activities, which further decrease their overall PA levels and may
reinforce a cycle of avoidance and anxiety. Longitudinal evidence further
shows that PA in adolescence is closely linked to social adjustment in
adulthood, which highlights the importance of early intervention (30).

Although many scholars have quantitatively examined the
relationship between PA and SA, most existing studies rely on cross-
sectional data (31, 32), which makes it difficult to infer the directionality
of this relationship. In addition, current analytical approaches often
rely on assumptions derived from traditional regression models that
conceptualize PA as exerting a one-way influence on SA (3). However,
some studies suggest that SA may also reduce individuals’ engagement
in PA (33, 34). Therefore, although previous research has revealed a
correlation between PA and SA, many scholars have tended to
conceptualize the relationship as one-directional without adequately
considering its possible bidirectional nature.

To address these limitations, the present study integrates
Conservation of Resources Theory, Self-efficacy Theory, and the Health
Behavior Model to explain the potential bidirectional dynamics between
PA and SA. The Conservation of Resources Theory posits that physical
activity functions as a resource-enhancing behavior that helps
individuals buffer social stress and reduce anxiety (35). Self-efficacy
theory further suggests that physical activity can enhance individuals’
perceived competence in social contexts (36), thereby alleviating social
anxiety, whereas higher levels of social anxiety may undermine self-
efficacy and reduce motivation to engage in physical activity. Meanwhile,
the Health Behavior Model emphasizes that adolescents with elevated
social anxiety are more likely to perceive exercise settings as socially
threatening (37), which increases perceived barriers and leads to
avoidance of physical activity. Integrating these theoretical perspectives,
the present study proposes that PA and SA may reciprocally predict each
other (see Figure 1). Therefore, a three-wave cross-lagged panel design
was used to examine this bidirectional mechanism.

2 Materials and methods
2.1 Participants and procedure

This study adopted a three-wave longitudinal design over a
12-month period. Prior to data collection, a priori power analysis was

T,PA

T,PA

T;PA

FIGURE 1
Cross-lagged model.
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conducted using G*Power 3.1 to determine the minimum sample size
required for a repeated-measures ANOVA with within-between
interactions. Input parameters included effect size f=0.25,
alpha = 0.05, power (1 — ) = 0.95, number of groups = 2, number of
measurements = 3, correlation among repeated measures = 0, and
non-sphericity correction & = 0.5. According to Cohen (38), an effect
size of f= 0.25 indicates a medium effect. The analysis suggested that
at least 142 participants were required. We also referred to established
guidelines for structural equation modeling, which recommend a
sample size approximately 5 to 10 times the number of estimable
parameters (39). Given that the present model included 15 free
parameters, the required sample size should not be smaller than 150.
Considering an anticipated attrition rate of approximately 20%, the
theoretical minimum sample size was estimated to be 180 participants.
To ensure sufficient statistical power and to account for possible
participant attrition across the three waves, we recruited a considerably
larger initial sample. In the first wave, a total of 1,137 questionnaires
were collected. After excluding 39 invalid cases with more than 10%
missing data or evident patterned responses, 1,098 valid responses
remained.

In addition to meeting the minimum sample size requirements
derived from the a priori power analysis and SEM guidelines, several
practical and methodological considerations led us to recruit a
substantially larger initial sample. First, the study involved three
measurement waves across 1 year, and evidence from longitudinal
research with adolescents indicates that attrition rates can be highly
variable and may exceed 30% in school-based surveys. Therefore,
oversampling was necessary to ensure an adequate final sample size
after potential dropout. Second, data collection was conducted at the
class level with the cooperation of entire schools, meaning that
recruiting larger intact groups was more feasible and ethical than
selectively reducing the number of participating students. Third,
because cross-lagged panel models benefit from larger sample sizes for
stable parameter estimation and increased statistical precision,
recruiting a larger sample enhanced the reliability of the resulting
estimates. Based on these practical and methodological considerations,
we intentionally recruited far more participants than the theoretical
minimum required.

Convenience sampling was used; however, to enhance the
representativeness of the sample under practical constraints, a
stratified selection approach was applied at the school level.
Specifically, junior middle schools in Zhenjiang were first categorized
according to geographical location (urban vs. rural) and school type
(benchmark school vs. ordinary public school). Within each stratum,
one school with accessible research conditions was selected, resulting
in a final sample that included one urban key school, one urban
ordinary school, and one rural ordinary school. This stratified
convenience sampling ensured reasonable diversity in educational
environments and socioeconomic backgrounds that may influence
adolescents’ physical activity participation.

With school approval, group assessments were administered to
students in the first year of middle school. To minimize potential
interference from holidays, all three waves of data collection took
place during weekday self-study periods and were intentionally
scheduled away from major Chinese public holidays. Measurement
times were as follows: Time 1 (T1), 15-19 April 2024; Time 2 (T2),
13-16 October 2024; and Time 3 (T3), 14-18 April 2025. All sessions
were administered by trained research assistants in classroom settings,
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and students were instructed to complete the questionnaires
independently in a quiet and distraction-free environment. Written
informed consent was obtained from both students and their parents,
and all participants were informed that participation was voluntary
and anonymous and that withdrawal was permitted at any stage. To
enable matching across waves, each participant was assigned a unique
identification code, and data screening was conducted after each wave
based on missing data rates and response quality.

In the second wave, 1,103 questionnaires were collected, of which
1,065 were valid. In the third wave, 1,059 questionnaires were
collected, with 999 valid responses. Ultimately, 989 students completed
all three waves and passed all quality checks, forming the final
longitudinal sample for analysis. This sample consisted of 443 boys
(44.8%) and 546 girls (55.2%), with 475 urban students (48.0%) and
514 rural students (52.0%). At T1, participants were between 10 and
14 years old (M = 12.39, SD = 0.68).

To evaluate the presence of systematic attrition, we created a
variable labeled “data completeness” (0 = complete data across all
three waves, 1 = missing data) and compared the complete-data group
with the missing-data group on key demographic and study variables.
Based on the 1,098 valid T'1 cases, 989 were classified as the complete-
data group and 109 as the missing-data group. Chi-square tests
indicated no significant differences between groups in gender
distribution (¥*=3.02, p=0.08) or urban-rural background
(x* = 1.47, p = 0.23). Independent-samples t-tests were then conducted
using T1 data, and the results showed no significant differences
between the two groups in T1 PA (t=—0.84, p = 0.40) and T1 SA
(t=1.09, p = 0.28). These findings indicate that attrition in this study
was not systematically associated with gender, urban-rural
background, or the key study variables (PA and SA).

2.2 Measures

2.2.1 Physical activity

PA was assessed using the Physical Activity Rating Scale (PARS-3)
developed by Liang (40). The scale evaluates an individual’s PA level
across three dimensions: intensity, duration, and frequency. Intensity
is rated on a 5-point scale based on participants’ subjective perception,
ranging from 1 (“light activity”) to 5 (“vigorous and 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”). Duration is rated from 0 (“less than 10 min”) to 4 (“more
than 60 min”). The total PA score is calculated by multiplying the
scores of intensity, duration, and frequency, yielding a possible range
of 0 to 100. In the present sample, the scale demonstrated good
internal consistency, with Cronbach’s alpha coeflicients of 0.773 (T1),
0.748 (T2), and 0.715 (T3).

2.2.2 Social anxiety

SA was measured using the Short Form Social Interaction Anxiety
Scale and the Short Form Social Phobia Scale, developed by Peters et
al. (41). Each short form contains 6 items, resulting in a total of 12
items. All items are rated on a 5-point Likert scale ranging from 0
(“strongly disagree”) to 4 (“strongly agree”). SA total scores are
obtained by summing all item scores, with higher scores indicating
higher levels of SA. This combined measure has been widely used and
validated in Chinese populations (42, 43). In the present sample,
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internal consistency was high, with Cronbach’s alpha coefficients of
0.884 (T1), 0.878 (T2), and 0.853 (T3).

2.3 Data analysis

Data analysis was conducted in two stages. First, all valid
questionnaires from the three waves were entered into SPSS 26.0, and
descriptive statistics were calculated for all variables at each time
point. Second, before modeling the longitudinal associations,
longitudinal measurement invariance of the SA scale across the three
waves was examined using Mplus 8.3. Three levels of invariance were
tested sequentially: configural invariance (identical factor structure),
metric invariance (equal factor loadings), and scalar invariance (equal
item intercepts). Model fit was evaluated using chi-square ()?), degrees
of freedom (df), comparative fit index (CFI), Tucker-Lewis index
(TLI), standardized root mean square residual (SRMR), and root
mean square error of approximation (RMSEA). Measurement
invariance was considered acceptable when changes in fit indices
between nested models met established criteria (ACFI < 0.01, ATLI
<0.01) (44). To examine the longitudinal associations between PA
and SA, a three-wave cross-lagged panel model (CLPM) was
constructed and estimated in Mplus 8.3. The model included
autoregressive effects, which capture the stability of each construct
over time, as well as cross-lagged effects, which assess the extent to
which one construct predicts the other at subsequent time points.

3 Results
3.1 Common method bias test

Harman’s single-factor test was used to examine common method
bias. Exploratory factor analyses of the T1, T2, and T3 data extracted
three factors with eigenvalues greater than 1 in each wave. The
variance explained by the first factors was 27.647, 27.162, and
34.046%, respectively, all of which are below the 40% threshold (45).
These results indicate that common method bias was not a serious
concern in this study.

3.2 Measurement invariance analysis

Before testing the longitudinal relationships among the main
variables, it was necessary to establish the measurement stability of the

TABLE 1 Testing for longitudinal invariance of data from three surveys.

10.3389/fpubh.2025.1752588

PA scale and the SA scale across the three waves. Using nested model
comparisons, we sequentially tested configural, metric, and scalar
invariance.

As shown in Table 1, the baseline configural models for both
constructs demonstrated excellent fit indices, supporting the stability
of their factor structures over time. Next, equality constraints were
added stepwise to test higher levels of invariance. When factor
loadings and intercepts were constrained to be equal across time
points, changes in model fit (ACFI and ATLI) remained below the
cutoff of 0.01, indicating that model fit did not deteriorate significantly.

3.3 Descriptive statistics

Table 2 presents descriptive statistics and Pearson correlations for
all variables. Tests of normality showed that the absolute values of
skewness and kurtosis for all variables were well below the critical
thresholds, indicating that the data met the assumptions of
approximate normality. Correlation analyses revealed that PA and SA
were significantly negatively correlated at all three time points. In
addition, both variables showed significant moderate to strong
positive correlations across T1, T2, and T3, confirming the relative
stability of PA and SA over time and providing support for subsequent
tests of longitudinal cross-lagged effects.

3.4 Cross-lagged analysis

Based on the correlation analyses, a series of cross-lagged models
was constructed in Mplus 8.3 to examine the longitudinal relationships
between PA and SA. Four competing models were specified: M1 was
an autoregressive model that included only the stability paths of each
variable across time. M2 added unidirectional paths from PA at an
earlier time point to SA at the subsequent time point, in addition to
the autoregressive paths. M3 added unidirectional paths from SA at
an earlier time point to PA at the subsequent time point, in addition
to the autoregressive paths. M4 was a full cross-lagged model that
included all autoregressive paths and all bidirectional predictive paths
between PA and SA. As shown in Table 3, the key fit indices of M1,
M2, and M3 did not meet acceptable statistical standards. In contrast,
M4 demonstrated the best and acceptable overall fit (y* = 16.729,
df =4, CFI = 0.944, TLI = 0.905, SRMR = 0.045, RMSEA = 0.053),
indicating that this model most accurately captured the longitudinal
associations between the variables. Therefore, M4 was selected as the
final model for subsequent analyses.

Variable Model x2/df CFI TLI SRMR RMSEA Model ACFI ATLI
comparison

Ml 0 1 1 0 0

PA M2 1.805 0.998 0.996 0.020 0.029 M2-M1 —0.002 —0.004
M3 1.952 0.996 0.996 0.019 0.031 M3-M2 —0.002 0
Ml 1.842 0.991 0.989 0.019 0.029

SA M2 1.690 0.992 0.991 0.020 0.026 M2-M1 0.001 0.002
M3 1.664 0.992 0.992 0.021 0.026 M3-M2 0 0.001

M1 = configural model; M2 = metric model; M3 = scalar model; PA = physical activity; SA = social anxiety.
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TABLE 2 Correlations and descriptive statistics for PA and SA across three time points.

10.3389/fpubh.2025.1752588

Variable T1PA T2PA T3PA T1SA T2SA T3SA

T1PA 1

T2PA 0.468%* 1

T3PA 0.398%* 0.512%* 1

T1SA —0.373%%* —0.398%* —0.375%%* 1

T2SA —0.436%* —0.456%* —0.4507%%* 0.532%* 1

T3SA —0.358%* —0.438%* —0.4297%%* 0.497%* 0.513%* 1

Min 0 0 0 0.17 0 0.08

Max 100 100 100 4.33 4.25 3.92

Mean 31.02 33.79 34.20 1.96 1.83 1.94

SD 30.08 31.95 29.94 0.98 0.94 0.84

Skewness 0.719 0.584 0.539 0.328 0.492 —0.004

Kurtosis —0.707 -1.078 —-0.926 —0.411 —0.202 —0.473
*#p < 0.01.

TABLE 3 Model fit indices for the four cross-lagged panel models.

Path 1 df = CFl TLI SRMR = RMSEA
Ml 487.9 9 0713 | 0553 0201 0232
M2 307.821 7 0.82 0.639 0.143 0.208
M3 317.282 7 0814  0.628 0.136 0212
M4 16.729 4 0944 0.905 0.045 0.053

Figure 2 presents the standardized path coeflicients of Model M4.
First, regarding the autoregressive effects, PA at T1 significantly and
positively predicted PA at T2 (= 0.371, p <0.001), and PA at T2
predicted PA at T3 (f=0.387, p<0.001). Similarly, SA at T1
significantly and positively predicted SA at T2 (5 = 0.429, p < 0.001),
and SA at T2 predicted SA at T3 (f = 0.396, p < 0.001), indicating high
temporal stability for both PA and SA.

Second, regarding the cross-lagged effects, PA at T1 significantly
and negatively predicted SA at T2 (= —0.259, p < 0.001), and PA at
T2 predicted SA at T3 (f = —0.273, p < 0.001). The reverse paths were
also significant: SA at T1 significantly and negatively predicted PA at
T2 (f=—-0.373, p <0.001), and SA at T2 significantly and negatively
predicted PA at T3 (= —0.175, p < 0.001). These findings suggest that
PA and SA have a significant negative correlation over time.

4 Discussion

The descriptive statistics in this study showed that adolescents’ PA
scores remained consistent across all three measurement waves,
aligning with findings from previous studies (46, 47) and suggesting
relatively stable PA levels among adolescents. This may be because
adolescents are in a phase of rapid physical development, during
which exercise habits are more easily formed, and participation tends
to be more consistent. In contrast, adolescents’ SA scores across the
three waves were higher than those reported in studies conducted in
other countries (5, 8), a difference that may stem from cultural
characteristics. Specifically, Chinese adolescents tend to emphasize
collective activities and family interactions, cultural elements that may
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exacerbate the negative impact of social pressure (48, 49). For example,
in a collectivistic cultural context, Chinese adolescents often face
higher social expectations and concerns related to “losing face” or
disappointing their families, which may heighten fear of negative
evaluation and result in stronger avoidance behaviors and
physiological discomfort (50). Moreover, compared with Western
individualistic cultures, Chinese adolescents experience heightened
social competition due to an education system that emphasizes high-
stakes achievement (such as the college entrance examination) and
digital media environments that encourage performance comparison
and online exposure (51, 52). These factors may increase emotional
distress and undermine social confidence and coping abilities (53).

The findings also showed that PA negatively predicted SA,
consistent with previous research (3, 54). According to the
Conservation of Resources theory (35), individuals experience anxiety
symptoms when their resources are depleted (55). PA represents a
personal resource; low levels of PA may be perceived as a loss of
resources, thereby eliciting SA (27, 56). Chen et al. (57) found that
individuals with higher PA tend to adopt effective psychological
regulation strategies. When encountering persistent negative social
situations, they engage in greater physical activity and bodily
relaxation as a form of self-protection, which prevents emotional
overload and reduces perceived stress, thereby indirectly lowering SA
(22,58). Wu et al. (59) further demonstrated that PA not only directly
predicts lower SA but also promotes more active coping strategies,
helping individuals better utilize their physical and psychological
resources when facing social challenges, which in turn reduces SA
behaviors.

This study also found that SA negatively predicted
PA. Longitudinal findings in other populations suggest that certain
components of SA can predict future patterns of PA (31, 33).
According to the Health Behavior Model (37), individuals’ behavioral
patterns are shaped by their perceptions of health-related benefits,
barriers, and self-regulatory abilities, all of which influence how they
engage in behaviors such as physical activity and how they experience
psychological outcomes. Higher levels of SA are typically accompanied
by negative social behaviors, and prolonged negative interaction
patterns can weaken individuals’ perceptions of their own ability and
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FIGURE 2
Standardized path coefficients of the three-wave cross-lagged model between PA and SA. ***p < 0.001.

value (60, 61). This reduces motivation and persistence for PA. In
summary, SA leads individuals to form negative interpersonal
perceptions during social interactions, which diminishes their interest
and engagement in PA. Additionally, the negative social behaviors
associated with high SA can further hinder the development of PA.

The cross-lagged model revealed a bidirectional predictive
relationship between PA and SA, indicating a complex multidimensional
interaction. One longitudinal study found reciprocal predictive effects
between self-esteem and anxiety, suggesting interactive components
between emotional and behavioral traits (62). Additionally, a meta-
analysis showed that self-efficacy significantly contributes to avoidance
behaviors in anxiety, while reductions in anxiety enhance self-efficacy
(63), further supporting bidirectional interaction. Self-efficacy theory
provides a useful explanation for this reciprocal relation: individuals’
beliefs about their ability to successfully perform a behavior shape their
emotional reactions, motivation, and behavioral choices. Higher self-
efficacy promotes greater engagement in physical activity and more
adaptive emotional regulation, whereas lower self-efficacy increases
vulnerability to negative emotional states (36). Components of PA
interact dynamically within social contexts, shaping emotional states,
and behavioral choices (64). Conversely, SA, as a complex emotional
and behavioral state, significantly influences PA patterns. Within this
framework, an individual’s bodily regulation in social contexts shapes
the severity of anxiety, while chronic anxiety can undermine the stability
and trajectory of PA (65, 66). Together, PA and SA form a feedback
mechanism, highlighting the complexity of emotional and behavioral
responses to social challenges.

A notable observation in the cross-lagged model was that within-
time correlations were higher than cross-time autocorrelations. This is
likely because variables measured at the same time point are influenced
by shared situational factors, whereas associations across time are
weakened by temporal fluctuations and random disturbances. Biihler et
al. (67) noted that long-term rank-order stability in personality declines
sharply as time lags increase. Dapp et al. similarly argued (68) that
autocorrelations weaken over longer intervals, reflecting natural changes
in personality variables. Given the extended intervals in this study, both
PA and SA were exposed to external influences, resulting in lower cross-
time stability relative to within-time associations. This suggests that the
bidirectional relationship between PA and SA is shaped by both internal
individual factors and external environmental conditions. For instance,
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physical self-efficacy can influence SA through social support (69), and
SA trajectories can be moderated by resilience and self-efficacy (70).
These findings suggest the presence of additional latent variables not
captured in the current model, which future research should investigate.

4.1 Implications and limitations

Overall, this study expands theoretical perspectives on the
relationship between PA and SA and offers practical insight for
adolescent mental health. Unlike prior research, our findings suggest
that SA is not merely influenced by PA but may also negatively predict
PA, forming a bidirectional causal relationship. This contributes to the
theoretical understanding of PA and provides a new perspective on the
long-term consequences of SA. Based on these findings, future
interventions should simultaneously aim to enhance PA and reduce
SA. Prevention-oriented strategies should prioritize alleviating SA to
prevent escalation into more severe mental-health problems. Educators
and practitioners should adopt dual-pathway interventions that
strengthen PA habits and improve social experiences and emotional
regulation. Considering environmental factors such as social support
will help create a positive feedback loop that promotes adolescents’
self-development, social functioning, and psychological wellbeing.

Despite its contributions, this study has several limitations that
should be acknowledged. First, PA was measured solely through self-
report using the PARS-3, which may be affected by recall bias and
social desirability, especially when adolescents are asked to estimate
exercise frequency and intensity over relatively long periods. Future
studies should consider combining subjective ratings with objective
indicators (for example, accelerometers, wearable trackers, or
smartphone-based step counts and heart-rate data) to more accurately
capture different dimensions of PA, including intensity, duration, and
type. Second, although we identified robust associations between PA
and SA, the present study did not differentiate specific forms or
contexts of PA. It is plausible that team sports or cooperative activities
(for example, basketball and football) may have stronger effects on
social confidence and interpersonal skills than solitary activities such
as jogging or swimming, whereas highly competitive sports might
even exacerbate performance-related anxiety in some adolescents.
Distinguishing between organized versus informal activities,
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competitive versus recreational sports, and indoor versus outdoor
contexts would allow a more fine-grained understanding of which
types of PA are particularly beneficial for adolescents with elevated SA.

Third, while the three-wave longitudinal design with approximately
6-month intervals strengthen temporal inference compared with cross-
sectional designs, the fixed and relatively long-time lags may not fully
capture the short-term dynamics through which PA and SA influence
each other. Reciprocal effects may also unfold on micro-timescales (for
example, daily or weekly fluctuations) or, conversely, require longer
follow-up periods to stabilize. Future research could adopt intensive
longitudinal methods such as ecological momentary assessment (EMA),
daily diary approaches, or weekly follow-ups to examine how within-
person changes in PA and affect co-occur in real time and whether the
bidirectional associations observed here also operate on shorter time
scales. Fourth, although we controlled for several basic demographic
characteristics, unmeasured confounders may still have influenced the
observed relationships. For instance, body mass index (BMI), body
image dissatisfaction, and weight-related teasing may shape both
adolescents’ willingness to engage in public exercise and their levels of
SA. Similarly, personality traits such as introversion, neuroticism, or
behavioral inhibition, as well as family functioning and parenting style,
may predispose individuals to both lower PA and higher SA.

Finally, the sample characteristics limit the generalizability of the
findings. Participants were drawn from three junior middle schools in
a single province, and all were typically developing adolescents
without reported physical disabilities or severe mobility constraints.
As a result, the present conclusions may not extend to adolescents
from other regions or educational stages, nor to youth with chronic
illnesses, physical impairments, or special educational needs, whose
opportunities and motivations for PA, as well as their experiences of
SA, may differ substantially.

To address these limitations, future studies should incorporate a
richer set of covariates (for example, BMI, body image indices,
personality traits, and family functioning) to test the robustness of the
bidirectional PA-SA model more rigorously and to reduce the risk of
omitted-variable bias. In addition, expanding the model to include
empirically measured mediators such as self-esteem, physical self-
efficacy, perceived social support, emotion regulation strategies, or
physiological stress markers (for example, heart-rate variability,
cortisol) would help clarify the mechanisms through which PA and
SA influence each other over time. Multimethod and multi-informant
approaches, combining self-report, objective PA monitoring, EMA,
and possibly teacher or parent reports, could further improve
measurement precision and ecological validity, and provide a more
comprehensive picture of how physical and social-emotional
development are intertwined in adolescence.

5 Conclusion

Through a three-wave longitudinal investigation, this study
demonstrated a stable bidirectional negative predictive relationship
between PA and SA among adolescents. Low PA was found to
exacerbate SA, while high levels of SA reduced PA participation,
forming a detrimental cycle. These findings highlight the need for
integrated interventions. Future health promotion strategies should
break the mind-body divide by combining regular PA with
psychological regulation, thereby interrupting the negative feedback
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loop and supporting the holistic development of adolescents’ physical
and mental wellbeing.
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