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Abstract

Insufficient physical activity (PA) is a significant global concern among adolescents. The relationship between PA avoid-
ance and loneliness has not been thoroughly investigated, nor have these variables been examined concurrently. The
present longitudinal study utilized cross-lagged mediation analysis with sex, age, and weight status controlled to explore
the associations between PA avoidance, loneliness, and various levels of PA (including total PA, vigorous PA, moderate
PA, and walking) among adolescents. An online survey was administered at three time points (from September 2023 to
February 2024), Yielding responses from 1,024 students at the first time point (T1), 972 at the second time point (T2),
and 978 at the third time point (T3). A reciprocal interaction between PA avoidance and loneliness was found over time
(standardized coefficients []=0.08 to 0.17). More specifically, PA avoidance at T1 negatively predicted both vigorous and
moderate PA at T2 (f=-0.11 for both measures). Moreover, loneliness at T1 was negatively associated with walking at
T2 (#=-0.10), and loneliness at T2 was negatively associated with vigorous PA at T3 (f=-0.13). Additionally, PA avoid-
ance at T1 was indirectly related to vigorous PA at T3 through the mediation of loneliness at T2 (b=-0.020, SE=0.010,
t=2.00, p=0.046). These findings contribute to the existing literature by elucidating the dynamic interplay between PA
avoidance, loneliness, and PA levels, thereby showing a novel mechanism through which loneliness may lead to decreased
PA. Interventions aimed at enhancing psychological well-being, social skills, or enjoyment of PA may prove beneficial in
alleviating PA avoidance and loneliness, ultimately fostering a more active lifestyle among adolescents.

Introduction

Insufficient physical activity (PA) has emerged as a significant global health concern. Reports indicate
that globally 81% of adolescents and 30% of adults are physically inactive (Guthold et al., 2020;
Strain et al., 2024), which may elevate the risks of various physical conditions, such as
cardiometabolic diseases (Kallio et al., 2021), as well as mental health disorders, including depression
(Kandola et al., 2020). This inactivity consequently increases the potential medical burden on
healthcare systems (World Health Organization, 2022). For instance, low PA levels increase the risk
of obesity and depression, consequently leading to a greater economic burden on the healthcare
system (McLoughlin et al., 2021; Tapias et al., 2021). Such concerns highlight the need for further
research into the factors that influence individuals’ PA engagement.

Motivation for participation in PA is a critical determinant of individuals’ levels of engagement
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in such activities, as elucidated by self-determination theory (SDT) and social cognitive theory (SCT)

(Bandura, 2001; Teixeira et al., 2012). According to SDT, intrinsic motivation—characterized by
enjoyment or personal satisfaction—facilitates sustained participation in PA (Teixeira et al., 2012).
More specifically, SDT posits that individuals are more inclined to engage in PA when their
fundamental psychological needs, including autonomy, competence, and relatedness, are satisfied
(Teixeira et al., 2012). In contrast, SCT conceptualizes PA behavior as a product of the interplay
between personal, behavioral, and environmental factors (Bandura, 2001). Variables such as
individuals’ self-efficacy, perceived benefits and barriers to PA, and social support can significantly
influence an individual’s decision to participate in PA (Hamilton et al., 2017; Roth et al., 2019).
Collectively, these theories offer a comprehensive framework encompassing intrinsic and extrinsic
factors influencing participation in PA.

PA avoidance, as an intrinsic factor, has been proposed in several contexts such as weight stigma
(Bevan et al., 2022), problematic social media use (Huang et al., 2024) or exercise psychology
(Mason et al., 2019), and illustrates how it can influence individuals’ PA participation. Studies have
reported that perceived weight stigma, nomophobia and exercise anxiety can foster the development
of PA avoidance (Bevan et al., 2022; Huang et al., 2024; Mason et al., 2019). Consequently, a new
psychometric measure was developed (Bevan et al., 2022) and has recently been utilized in several
studies, all of which reported a negative association between PA avoidance and individuals’ levels of
PA (Huang et al., 2024; Saffari et al., 2025; Yi et al., 2024).

Loneliness is another significant intrinsic factor that may affect individuals’ levels of PA (Ahn
etal., 2024). It is characterized as a state of solitude that often emerges when an individual’s perceived
interpersonal relationships do not meet their expectations (Zhang et al., 2022). Numerous studies have
documented a consistent negative association between loneliness and PA (Ahn et al., 2024; Pinto et
al., 2021; Zhao et al., 2024). This relationship may be attributed to the strong connection between
loneliness and social support (Solomon et al., 2015; Zhang et al., 2022). As previously noted, social

support is critical for engagement in PA (Hamilton et al., 2017), thereby potentially linking loneliness
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to participation in PA (Zhao et al., 2024). A systematic review conducted by Pels et al. (2016)

examined the relationship between loneliness and PA. They reported that four out of seven
longitudinal studies identified a direct negative impact of loneliness on PA. Moreover, five out of
seven studies indicated that PA interventions could alleviate feelings of loneliness. This suggests a
potential reciprocal relationship between PA and loneliness. However, a recent systematic review by
Ahn et al. (2024) concluded that the existing evidence was inadequate regarding the bidirectional
relationship between PA and loneliness. Consequently, employing a cross-lagged model with a
longitudinal design to assess PA and loneliness may contribute empirical evidence to the extant
literature regarding such a reciprocal relationship.

The psychological processes underlying the relationship between PA avoidance and loneliness
can be bidirectional. The link between loneliness and PA avoidance can be explained by emotional
regulation difficulties, social anxiety, stigmatization and self-efficacy. Loneliness has been reported
to be associated with avoidant behaviors (Rokach et al., 1998). Individuals with emotional regulation
difficulties may experience higher levels of loneliness, turning to behaviors such as internet use as an
emotional coping strategy (Ang et al., 2018). In addition, loneliness has been reported to have a
reciprocal relationship with social anxiety (Maes et al., 2019), which may prevent lonely individuals
from participating in group activities (such as PA) to avoid social interaction. Moreover, adolescence
has been reported to be a critical period where the individuals may experience high levels of loneliness
and stigma in their lifetime (Flaherty, 2015). Individuals who tend to avoid PA may be stigmatized as
‘lazy’ or ‘weak’ by the general public, subsequently leading to a greater feeling of loneliness. Lower
self-efficacy has also been reported to be associated with motivation to participate in PA (Bauman et
al., 2012), subsequently affecting the individuals’ PA participation and resulting in loneliness.

To the authors’ knowledge, no prior research has ever investigated the association between PA
avoidance and loneliness, nor has any previous study concurrently explored how the interaction of
these two variables affects engagement in PA. Given the aforementioned intricate relationship

between PA and loneliness, the avoidance of PA may function as a potential mediator that requires
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further examination. In addition, this area has been much less investigated in Eastern cultures

compared to Western ones. However, cultural differences such as attitudes toward sport (Zhu et al.,

2024) or motivation for PA (Guo et al., 2023) may influence how PA promotion strategies are adopted.

Moreover, the transition from adolescence to adulthood represents a critical period for establishing

an active lifestyle because studies have reported a significant decline in vigorous-intensity PA and an

increase in sedentary behavior during this period of development (Vanhelst et al., 2023). Investigating

such issue may help uncover the underlying mechanisms affecting this specific cohort, thereby

informing more culturally sensitive and effective strategies for promoting PA. Consequently, utilizing

a longitudinal design and cross-lagged mediation analysis, the present study focused on Chinese

adolescents to investigate the temporal relationships and mediating effects among PA avoidance,

loneliness, and PA engagement. The study findings may provide evidence to inform school-based

intervention programs targeting adolescent PA and psychosocial health. Therefore, it was

hypothesized that:

(1) PA avoidance would be negatively associated with total PA (H1), vigorous PA (H2), moderate

PA (H3), and walking (H4) over time;

(i1) loneliness would be negatively associated with total PA (Hs), vigorous PA (Hs), moderate PA
(H7), and walking (Hg) over time;

(ii1))  PA avoidance would be positively associated with loneliness (Ho);

(iv)  PAavoidance would negatively mediate the association between loneliness and total PA (Hio),
vigorous PA (Hi1), moderate PA (Hi2) and walking (Hi3);

(v)  loneliness would negatively mediate the association between PA avoidance and total PA (Hi4),

vigorous PA (His), moderate PA (His) and walking (Hi7).

Methods
Participants and recruitment procedure

The present study utilized a longitudinal design encompassing all Grade 11 students from two senior
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high schools in central China. The research protocol received approval from the Institutional Review

Board of BLIND FOR REVIEW. Prior to the commencement of the study, the research team
collaborated with school principals to organize an online information session for the students’ legal
guardians. This session provided comprehensive details regarding the study’s objectives, participants’
rights, data protection measures, and withdrawal options. Only those students whose guardians and
the students themselves provided explicit consent were included in the study.

The study employed a longitudinal panel design. The online survey included measures assessing
PA avoidance, loneliness, and PA engagement. The survey was created using Wenjuanxing (a Chinese
online survey platform) and distributed in supervised computer laboratories at three distinct time
points for data collection. In accordance with the planned missing data by wave-missing design, all
Grade 11 students from both schools were invited to participate at each time point, irrespective of
their prior participation status. Participants did not receive any financial compensation or incentives
for their participation. The initial survey (T1) was administered during the first week of September
2023, wherein participants reported their experiences from the preceding summer vacation (July 1 -
August 31, 2023). The second survey (T2) took place in November 2023, focusing on participants'
experiences during the current semester. The final survey (T3) was completed in February 2024,
evaluating participants' experiences during the winter vacation period (January 22 - February 24,
2024). The study successfully collected responses from 1,024 students at T1, 972 students at T2, and
978 students at T3, maintaining substantial sample sizes throughout the data collection phases.

Detailed background information is provided in the ‘Results section’ of the main paper.

Measures

Demographics

Self-reported demographic information such as gender, weight, height, and the number of siblings
was collected. The weight status classification was determined based on the age- and sex-specific

Body Mass Index (BMI) cutoff points established by the National Health Commission of China
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(National Health Commission of the People's Republic of China, 2018). For the classification of being

underweight, the BMI thresholds were defined as follows: < 17.3 kg/m? for 16-year-old males and <
17.0 kg/m? for 16-year-old females; < 17.7 kg/m? for 17-year-old males and < 17.2 kg/m? for 17-year-

old females; and < 17.9 kg/m* for 18-year-old males and < 17.3 kg/m* for 18-year-old females. The

classification of being overweight was established using the following BMI thresholds: > 23.3 kg/m

> for 16-year-old males and > 23.6 kg/m* for 16-year-old females; > 23.5 kg/m*> for 16.5-year-old
males and > 23.7 kg/m* for 16.5-year-old females; > 23.7 kg/m* for 17-year-old males and > 23.8
kg/m* for 17-year-old females; > 23.8 kg/m* for 17.5-year-old males and > 23.9 kg/m* for 17.5-
year-old females; and > 24.0 kg/m*> for both 18-year-old males and females. Participants with BMI

values falling between the underweight and overweight thresholds were classified as having an
average weight.
2.2.2 The Tendency to Avoid Physical Activity and Sport Scale (TAPAS)

The TAPAS is a 10-item instrument specifically designed to evaluate individuals’ tendencies to
avoid PA and sports participation, with a particular emphasis on weight-related and appearance-based
concerns (Bevan et al., 2022). Each item is assessed using a five-point Likert scale, where responses
range from 1 (strongly disagree) to 5 (strongly agree). Higher aggregate scores indicate a greater
tendency to avoid PA and sports participation. Originally developed in English, the scale has been
translated and validated for Chinese populations (Fan et al., 2023; Saffari et al., 2023). Both language
versions have exhibited strong psychometric properties, including robust factorial validity
(unidimensionality), criterion validity, and internal reliability (Bevan et al., 2022; Fan et al., 2023;
Saffari et al., 2023). In the present study, the TAPAS demonstrated excellent internal consistency
reliability across the three timepoints, yielding McDonald’s omega coefficients (w) of 0.96, 0.97, and
0.97, respectively.

2.2.3 UCLA Loneliness Scale Version 3 (three-item version)
The UCLA-3 is a validated instrument designed to assess perceived loneliness and social

isolation (Russell, 1996). Hughes et al. (2004) proposed the abbreviated version comprising three
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items from the full scale: “How often do you feel that you lack companionship?” (Item 2), “How often

do you feel left out?” (Item 11), and “How often do you feel isolated from others?” (Item 14). Liu et
al. (2020) subsequently validated a Chinese version of this abbreviated scale, where each item is rated
on a four-point Likert scale ranging from 1 (never) to 4 (always), with higher scores indicating greater
perceived loneliness. Their study demonstrated robust psychometric properties, including satisfactory
internal consistency (Liu et al., 2020). Further validation studies involving participants diagnosed
with schizophrenia and schizoaffective disorder showed that both the three-item version and
alternative (original and eight-item) versions demonstrated satisfactory concurrent validity, internal
consistency, and test-retest reliability (Lin et al., 2022). For the present three-wave study, the three-
item version was selected to minimize potential missing data and showed very good internal
consistency reliability across all three timepoints (o = 0.83, 0.86, and 0.83, respectively).

2.2.4 The International Physical Activity Questionnaire Short Form (IPAQ- SF)

The TPAQ-SF is a seven-item instrument designed to quantify individuals’ PA levels by
comprehensively assessing both activity duration and intensity (Huang et al., 2022). Following the
guidelines established by the IPAQ Research Committee (2005) physical activities are converted into
metabolic equivalent of task (MET) values, with a standardized truncation at 180 minutes per day.
The instrument assigns specific MET values to various activity intensities: walking (3.3 METs),
moderate activities such as jogging (4.0 METs), and vigorous activities like swimming (8.0 METs).
Total PA is calculated by multiplying these MET values by the duration of the activity, resulting in
MET-minutes for each category. The Chinese version of the IPAQ-SF has undergone extensive
psychometric validation, demonstrating robust measurement properties across multiple studies. These
validations have confirmed its strong content validity and test-retest reliability (Fung et al., 2019;
Saffari et al., 2022)..

Data analysis
The analysis adhered to a systematic three-stage implementation process. In the initial stage, the

participants’ background characteristics were thoroughly examined at each timepoint. This was
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complemented by descriptive statistical analyses that included both the scores from the TAPAS and

the various levels of PA across all timepoints. Additionally, a comparison of the distinct PA levels at
each timepoint was performed using repeated measures ANOVA, along with an evaluation of their
interrelationships through Pearson’s correlation coefficients.

The second stage comprised a comprehensive assessment of measurement quality through the
implementation of three confirmatory factor analyses (CFAs). The measurement models were
designed to include two latent variables—Iloneliness and PA avoidance—alongside three observed
variables representing distinct levels of PA (i.e., vigorous intensity, moderate intensity, and walking).
The observed variables were treated as manifest variables, assuming no measurement error. In this
stage, maximum likelihood estimation with robust standard errors (MLR) was utilized because it is
particularly advantageous due to its reduced sensitivity to violations of multivariate normality
assumptions.

Following the establishment of measurement quality, the third stage involved testing four cross-
lagged mediation models using multiple indicators for loneliness and PA avoidance. These models
included control variables: sex (male as the reference group), age (in years), and BMI group (being
non-overweight as the reference group versus being overweight). PA avoidance was designated as the
exogenous variable, with loneliness as the endogenous variable. Four distinct levels of PA served as
mediators in separate models: total amount, vigorous intensity, moderate intensity, and walking. The
models incorporated autoregressive coefficients to assess measurement stability over time and cross-
lagged coefficients to investigate temporal relationships. To ensure methodological consistency, MLR
estimation was employed across all mediation models.

Full Information Maximum Likelihood (FIML) estimation was employed in both the CFAs and
the cross-lagged mediation models to address the issue of missing data. The assessment of model fit
for both CFA and structural equation modeling (SEM) analyses adhered to established criteria (Kline,
2023), which stipulate that the root mean square error of approximation (RMSEA) and standardized

root mean square residual (SRMR) values should be below 0.10, while the comparative fit index (CFI)
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and non-normed fit index (NNFI) values should exceed 0.90. All statistical analyses were executed

using SPSS (Version 27.0) and Jamovi (Version 2.6.23).

Results

At T1, the sample consisted of 1,024 participants with a balanced gender distribution, comprising
514 males (50.2%) and 510 females (49.8%). The mean age of the participants was 16.6 years (SD =
0.7), with an average height of 165.62 cm (SD = 9.68) and an average weight of 73.08 kg (SD =
21.86). A significant majority of participants (94.1%) reported having siblings (n = 947). In terms of
weight status, 46.2% of the participants were classified as being average weight (n = 465), 46.9% as
being overweight (n = 472), and 6.9% as being underweight (n = 69). The means and standard
deviations for each level of PA, PA avoidance, and loneliness are also presented in Table 1, with
significant differences found across time. Additionally, baseline differences in gender, weight, and
vigorous PA participation were observed across weight status. These findings are detailed in
Supplementary Materials (S1) and Table (S1).

(Insert Table 1 here)

Pearson correlation analyses indicated negative associations between total PA and the three
distinct types of PA with both PA avoidance and loneliness at each measurement point (» = -0.08 to -
0.21, p < 0.05). Importantly, PA avoidance consistently demonstrated positive correlations with
loneliness across all timepoints, with correlation coefficients of » = 0.42, 0.46, and 0.46 for T1, T2,
and T3, respectively (p < 0.01). Several significant cross-lagged associations were identified:
moderate PA at T1 was negatively associated with PA avoidance at T2 (» =-0.07, p < 0.05); vigorous
PA and walking PA at T1 were negatively associated with loneliness at T2 (» = -0.11 and -0.08,
respectively, p < 0.05); and vigorous PA at T2 was negatively associated with PA avoidance at T3 (r
=-0.11, p <0.05).

(Insert Table 2 here)

The CFAs demonstrated satisfactory model fit indices across all three timepoints (see Table 3).
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The model showed adequate and similar fit at T1 and T2, and exhibited a slight improvement at T3.

All fit indices consistently met conventional standards for acceptable model fit (i.e., CFI and NNFI >
0.90, SRMR and RMSEA <0.10), with T3 demonstrating the best overall fit, indicating good factorial
validity. Additionally, the standardized factor loadings for both TAPAS and UCLA-3 across the three
timepoints ranged from 0.67 to 0.95, demonstrating satisfactory convergent validity for both latent
constructs. Additionally. the cross-lagged mediation analyses yielded acceptable fit indices across all
models.

(Insert Table 3 here)

The comprehensive model coefficients, detailed in Supplementary Tables (S2) to (S5), delineate
distinct PA levels’ mediating effects. Significant autoregressive coefficients emerged across all
variables between consecutive timepoints (T1 to T2, and T2 to T3), demonstrating robust temporal
stability in the measurement of constructs (illustrated in Figures 1). After controlling for sex, age, and
weight status (non-overweight and overweight), the analysis of cross-lagged coefficients showed
several significant temporal relationships. PA avoidance at T1 exhibited negative predictive effects
on both vigorous PA and moderate PA at T2 (standardized coefficient [f] = -0.11 for both indices).
Moreover, PA avoidance demonstrated consistent positive predictive effects on subsequent loneliness
(f =0.11 for T1 to T2; p = 0.17-0.18 for T2 to T3). A bidirectional relationship emerged, wherein
loneliness significantly predicted subsequent PA avoidance from T1 to T2 (f = 0.08), and T2 to T3 (f
=0.11). Additional temporal associations indicated that loneliness at T2 negatively predicted vigorous
PA at T3 (f = -0.13), while loneliness at T1 demonstrated a negative predictive effect on walking PA
at T2 (# =-0.09). Importantly, no significant predictive relationships were observed from any PA level
to subsequent PA avoidance or loneliness across the three timepoints. The analysis also showed a
significant cross-lagged mediation effect, wherein PA avoidance at T1 indirectly influenced vigorous
PA at T3 through loneliness at T2 (b = -0.020, SE = 0.010, ¢ = 2.00, p = 0.046).

(Insert Figure 1 here)
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Discussion

The present study conducted a longitudinal investigation into the temporal relationships and
mediating effects between PA avoidance, loneliness, and various levels of PA (specifically, total PA,
vigorous intensity, moderate intensity, and walking) among Chinese adolescents. The results
indicated significant cross-lagged associations between PA avoidance and loneliness across different
timepoints, indicating that earlier measurements of each variable predicted subsequent changes in the
other over time. In addition, PA avoidance at T1 was significantly associated with both vigorous and
moderate PA at T2. Loneliness at T1 was significantly associated with walking at T2, while loneliness
at T2 was significantly associated with vigorous PA at T3. Moreover, PA avoidance at T1 showed an
indirect association with vigorous PA at T3 through the mediating effect of loneliness at T2. These
results suggest that the interrelationship between PA avoidance and loneliness over time may
dynamically influence PA participation among adolescents. These results indicated that Hs to Ho, as
well as Hi4 to Hi7, were supported, H» and Hs were partially supported, and Hi, H4, as well as Hio to
His were not supported.

The present study’s findings support the negative association between PA avoidance and both
total and distinct levels of PA, consistent with previous research (Huang et al., 2024; Saffari et al.,
2025; Yi et al., 2024). However, prior studies have predominantly investigated this association within
the contexts of weight stigma or problematic technology use. The present study is the first to
incorporate loneliness as a variable in examining the relationship between PA avoidance and PA levels,
and found that loneliness significantly mediated the association between PA avoidance and vigorous
PA. Additionally, PA avoidance and loneliness were identified as distinct predictors of varying levels
of PA. Although some of the effect sizes observed in the present study were small (e.g., f = -0.011),
they may still hold practical significance. As previous literature has noted, small effects can have a
substantial cumulative impact among larger populations (Carey et al., 2023), particularly in
psychological contexts (Funder et al., 2019). In addition, small effects can be meaningful in the

context based on appropriate empirical data and theory (Primbs et al., 2023). Given the high
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prevalence of physical inactivity and psychosocial challenges among adolescents (Guthold et al.,

2020; Haugen et al., 2013; Pinto et al., 2021; Rangul et al., 2024; Strain et al., 2024), even modest
associations may inform the development of early intervention strategies and prevention programs.

During the first transition period (i.e., T1 to T2), PA avoidance was found to have a detrimental
effect on both vigorous and moderate PA, while feelings of loneliness adversely influenced walking
behavior. However, the impact of PA avoidance diminished during the subsequent transition period
(i.e., T2 to T3), whereas the effect of loneliness continued to negatively affect vigorous PA. A cross-
sectional study conducted by Chen et al. (2023) found that adolescents who engaged in higher levels
of moderate-to-vigorous PA reported lower levels of social anxiety. This aligns with previous
proposed notions that individuals experiencing social anxiety often encounter difficulties in
participating in PA, with tendencies to avoid PA being more pronounced among those exhibiting
anxiety-related traits (Levinson et al., 2013). In alignment with these findings, the present study found
that PA avoidance adversely affected both vigorous and moderate PA levels. This relationship
highlights a conceptual similarity, emphasizing the significance of psychological barriers in
influencing PA behaviors.

Previous research examining the relationship between loneliness and participation in PA has
primarily concentrated on middle-aged and older populations. Findings indicated that loneliness may
predict decreased levels of PA (Hawkley et al., 2009), while walking significantly mitigated perceived
loneliness (Mizuta et al., 2023; Shellito et al., 2019). In studies focusing on adolescents, a decline in
PA levels coupled with an increase in loneliness has been documented from early to late adolescence
(Rangul et al., 2024). Moreover, engagement in sports has been associated with lower levels of
loneliness (Haugen et al., 2013). Building upon these findings, the present study contributes to the
extant literature by elucidating the impact of loneliness on varying levels of PA among adolescents.
Future research should further investigate how different types of PA, particularly those characterized
by varying degrees of social interaction, may influence loneliness within this population.

The cross-lagged associations between PA avoidance and loneliness over time indicated a
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reciprocal relationship between these variables, thereby elucidating a novel mechanism through

which they affect individuals’ levels of PA. A plausible explanation for this relationship can be derived
from both psychological mechanisms and social dynamics. For example, PA avoidance may stem
from psychological barriers such as concerns regarding physical appearance (Bevan et al., 2022) or
social anxiety (Levinson et al., 2013). Individuals exhibiting a higher tendency to avoid PA may
consequently participate less frequently in public activities, which can exacerbate feelings of
loneliness. In turn, loneliness has been reported to be associated with psychological distress (Konno
et al., 2021), which may further contribute to PA avoidance (Bevan et al., 2023; Mason et al., 2019).
Additionally, the psychological distress associated with anxiety has been shown to moderate the
relationship between intention and PA behaviors (Galli et al., 2022), thereby impacting individuals’
participation in PA (Gucciardi et al., 2020; Milas et al., 2019). Consequently, this intricate interaction
fosters a vicious cycle that progressively influences individuals’ engagement in PA.

SDT emphasizes that intrinsic motivation for PA is driven by the fulfillment of three
psychological needs: autonomy, competence, and relatedness (Teixeira et al., 2012). Based on the
present study’s findings, loneliness can be viewed as a failure to satisfy the relatedness need in the
SDT. With the reciprocal relationship between PA avoidance and loneliness, it is possible that low
relatedness resulted from loneliness leading to avoidance behaviors, further reducing motivation for
PA and consequent low PA engagement. SCT posits that PA behavior is shaped by the interplay of
personal, behavioral, and environmental factors, including self-efficacy and social support (Bandura,
2001; Hamilton et al., 2017). The present study’s findings that loneliness predicted particular levels
of PA suggests that low social support may deter PA among adolescents. Moreover, The mediation
effect of loneliness aligns with SCT’s emphasis on reciprocal determinism (Bandura, 2001), where
social and emotional factors (loneliness) impact behavior (PA avoidance), which in turn shapes future
behavior (lower PA levels).

Other variables such as sex, cultural context or socioeconomic status may also have had an

influence on the present study’s findings. In particular, the associations between loneliness and
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adverse health outcomes may vary depending on cultural context (e.g., individualism vs. collectivism)

or sex (Beller et al., 2020; Holt-Lunstad, 2018). Moreover, global surveys have shown that patterns
of PA participation—including frequency and types of PA—differ across countries and regions
(Guthold et al., 2020; Hulteen et al., 2017). Additionally, weight stigmatization also has been reported
to be associated to individuals’ PA avoidance and subsequent PA engagement (Huang et al., 2025).
Taken together, these findings highlight the importance of considering cultural and socioeconomic
influences. Future studies may consider adopting Hofstede’s (2011) Cultural Dimensions framework
to further examine the mechanisms underlying these associations in diverse sociocultural contexts.
The present study has several limitations. Firstly, relying on self-reported demographics (e.g.,
weight and height) and measures may introduce potential biases, including social desirability and
recall biases. These biases may have led to either underreport or overreport of participants’ behaviors,
particularly in sensitive domains such as PA avoidance or PA participation. Moreover, participants
may have reported their weight and/or height inaccurately. As a result, the data accuracy may be
compromised, potentially influencing the strength or direction of observed associations. Future
studies could take objective measurements in future studies to mitigate some of these biases. Secondly,
recruiting participants from only two senior high schools may limit the diversity of participants’
socioeconomic background or academic pressure. Such an approach may cause sampling bias,
restricting the representativeness of the findings. More specifically, adolescents in different types of
schools (e.g., vocational schools or rural schools) may show different patterns of PA engagement and
psychosocial experiences, which were not captured in the present study. Future studies may explore
the mechanisms by considering characteristic differences (such as cultural context or socioeconomic
status) or extend to subtypes of PA avoidance (such as body image concerns or performance anxiety),
to provide more comprehensive evidence. Thirdly, the exclusive focus on Chinese adolescents may
limit the generalizability and applicability of the results to other groups with particular demographic,
such as younger or older adults, or populations with contextual differences, such as Western

populations. Cross-cultural replication and age-comparative studies are necessary to evaluate the
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robustness and applicability of the present study’s findings.

Despite these limitations, the study emphasizes the importance of individuals transitioning from
adolescence to adulthood, a critical period for developing an active lifestyle. The present study’s
findings could be integrated into school-based interventions. For example, school counselors and
teachers may consider incorporating structured social skills training into health education curricula,
helping adolescents strengthen their interpersonal relationships, thereby alleviating feelings of
loneliness during puberty. Moreover, physical education teachers can design group-based PA sessions
that emphasize enjoyment, cooperation, and peer support, or incorporate goal-setting and self-
monitoring strategies during regular classroom activities to promote positive attitudes and
experiences toward PA. These interventions not only encourage social interaction during PA
participation but also reduce tendencies to avoid PA, thereby directly and indirectly promoting PA
among adolescents. Collectively, these strategies may contribute to increased levels of engagement

in PA.

Conclusion

The present study utilized a longitudinal design and cross-lagged mediation analysis to investigate
the relationships between PA avoidance, loneliness, and varying levels of PA among adolescents. The
results showed that PA avoidance was a predictor of vigorous PA through the mediating role of
loneliness. Moreover, the study identified reciprocal relationships between PA avoidance and
loneliness over time. Additionally, PA avoidance was shown to have a detrimental effect on both
vigorous and moderate PA, while loneliness was linked to a reduction in walking and vigorous PA.
These findings contribute to the extant literature by providing a novel perspective on how loneliness
may lead to decreased levels of PA. Moreover, the distinct impacts of PA avoidance and loneliness
on different forms of PA were emphasized. To encourage sustained participation in PA, interventions
designed to enhance psychological well-being and social skills may prove effective in mitigating the

adverse effects of PA avoidance and loneliness.
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Figure 1. Results of cross-lagged mediation models with mediators using (a) total PA, (b) vigorous intensity PA, (c) moderate intensity PA and (d)

walking.

T1 = Timepoint 1; T2 = Timepoint 2; T3 = Timepoint 3. PA = physical activity. Solid lines indicate significant associations. Dash lines indicate non-



significant associations.
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Tables
Table 1. Characteristics of the participants at Time 1 (n=1024)

Variables Mean (SD) or n (%) Comparison across time
Age (in years) 16.57 (0.69)
Gender
Male 514 (50.2)
Female 510 (49.8)
Height? 165.62 (9.68)
Weight? 73.08 (21.86)
Weight status®
Underweight 69 (6.9)
Average weight 465 (46.2)
Overweight 472 (46.9)
Siblings?
No 59 (5.9)
Yes 947 (94.1)
Physical activity — Total amount
T1 3548.52 (4086.77)
T2 2143.47 (2943.72)
T3 2902.31 (3672.68)
Physical activity — Vigorous intensity T1>T3>T2
T1 1626.21 (2500.68)
T2 811.05 (1712.14)
T3 1245.51 (2144.29)
Physical activity — Moderate intensity T1>T3>T2
T1 813.43 (1226.49)
T2 406.69 (857.83)
T3 619.27 (1058.63)
Physical activity — Walking T1>T2
T1 1108.88 (1245.37)
T2 925.74 (1206.54)
T3 1037.53 (1192.74)
PA avoidance (ranged from 10 to 50) TI>T2
T1 22.40 (9.60)

T2 20.89 (9.53)
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T3 20.58 (8.97)
Loneliness (ranged from 3 to 12)

T1 6.16 (2.38)

T2 5.97 (2.32)

T3 5.45 (2.08)

T1>T2>T3

218 participants did not respond their height, weight, and sibling information.
T1 = Timepoint 1; T2 = Timepoint 2; T3 = Timepoint 3.
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Table 2. Pearson correlations among study variables (N = 972-1024).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 Total PA TI -

2 VPA TI 091 -

3 MPA TI 0.77 056 -

4 Walking T1 0.69 043 043 -

5 PAavoidance T1 -0.18 -0.18 -0.11 -0.11 -

6 Loneliness T1 -0.15 -0.13 -0.10 -0.13 0.42 -

7 Total PA T2 0.27 023 0.19 024 -0.14 -0.15 -

8 VPA T2 023 0.22 0.17 0.16 -0.15 -0.12 0.86 -

9 MPA T2 026 0.22 0.19 0.22 -0.14 -0.12 0.75 0.51 -

10 Walking T2 0.14 0.10 0.08 0.20 -0.02 -0.09 0.70 030 0.38 -

11 PA avoidance T2 -0.08 -0.07 -0.07 -0.05 0.51 027 -0.11 -0.14 -0.08 -0.02 -
12 Loneliness T2 -0.10 -0.11 -0.05 -0.08 031 048 -0.10 -0.11 -0.03 -0.06 0.46 -

13 Total PA_ T3 037 031 030 0.28 -0.12 -0.14 023 0.18 020 0.15 -0.07 -0.10 -

14 VPA T3 035 032 030 0.22 -0.14 -0.13 020 0.17 021 0.09 -0.10 -0.12 0.91 -

15 MPA T3 028 023 024 020 -0.10 -0.08 021 0.7 0.19 0.13 -0.03 -004 0.81 0.62 -

16 Walking T3 026 020 019 029 -004 -012 0.5 0.1 0.08 015 -0.03 -006 073 045 0.49 -

17 PA avoidance T3 -0.12 -0.11 -0.09 -0.08 0.47 027 -0.09 -0.11 -0.06 0.00 055 032 -0.17 -0.21 -0.12 -0.06 -

18 Loneliness T3 -0.11 -0.11 -0.04 -0.11 0.26 035 -0.04 -0.03 -0.07 -0.03 036 046 -0.16 -0.18 -0.13 -0.06 046 -

T1 = Timepoint 1; T2 = Timepoint 2; T3 = Timepoint 3; PA = physical activity; VPA = vigorous physical activity; MPA = moderate physical activity; PA

avoidance = physical activity avoidance tendency. Significance (p<0.05) are shown in bold.
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Table 3. Model fit indices for confirmatory factor analyses (CFAs) at three timepoints and cross-

lagged mediation models.

RMSEA
2 (df) CFI  NNFI SRMR
(90% CI)
0.078
CFATI 094.84 (97) 0917 0908  0.041
(0.073-0.082)
0.076
CFA T2 63591 (97) 0914 0908  0.030
(0.071-0.080)
0.061
CFAT3 449.44 (97) 0941 0927 0.024
(0.057-0.065)
0.041
Cross-lagged mediation model A 3199.09 (912) 0.912  0.904  0.054
(0.040-0.042)
0.041
Cross-lagged mediation model B 3176.74 (912) 0.913  0.905  0.054
(0.039-0.042)
0.041
Cross-lagged mediation model C  3156.60 (912) 0.913  0.906  0.053
(0.039-0.042)
0.041
Cross-lagged mediation model D 3148.31 (912) 0917 0910  0.053

(0.039-0.042)

T1 = Timepoint 1; T2 = Timepoint 2; T3 = Timepoint 3; CFI = comparative fit index; TLI = Tucker-

Lewis index; NNFI = non-normed fit index; SRMR = standardized root mean square residual;

RMSEA = root mean square error of approximation. CI = confidence interval.

Note. Cross-lagged mediation model A used total physical activity [PA] as mediator; model B used

vigorous PA as mediator; model C used moderate PA as mediator; model D used walking as mediator.



