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ABSTRACT: Background: Amid the global rise in adolescent sedentary behavior and psychological distress, extant
research has largely focused on variable-level associations, neglecting symptom-level interactions. This study applies
network analysis, aims to delineate the interconnections among sedentary time, social support, social exclusion, and
psychological distress in Chinese students, and to identify core and bridge symptoms to inform targeted interventions.
Methods: This study employed a cross-sectional design to investigate the complex relationships among sedentary
behavior, social support, social exclusion, and psychological distress among Chinese students. The research involved
459 high school and university students, using network analysis and mediation models to examine these relationships.
Results: Network analysis revealed that the network had a density of 58.33% and an average edge weight of 0.11.
In terms of centrality, stress had the highest expected influence (EI = 1.135), acting as the core amplifier in the
network. Sedentary behavior demonstrated the highest bridging expected influence, functioning as a critical bridge
for cross-community transmission. Conversely, friend support showed the lowest bridging EI with a negative value,
indicating its effectiveness in blocking cross-community diffusion and alleviating symptoms. Conclusion: With
stress acting as the most influential “core engine” within the symptom network and sedentary behavior serving as
the key “bridge” for cross-community transmission, interventions should first target stress to weaken the overall
symptom cascade, followed by reducing sedentary behavior or enhancing friend support to disrupt cross-community
pathways, thereby achieving a core-bridge dual blockade.

KEYWORDS: Sedentary behavior; psychological distress; social support; social exclusion; network analysis

1 Introduction

Sedentary behavior, specifically, refers to any activity performed in a seated, reclined, or lying down
position during waking hours and with an energy expenditure of less than 1.5 metabolic equivalent units
(METs) [1]. Common sedentary behaviors include prolonged periods of sitting still as well as a variety of
screen time activities such as watching television, using a computer or tablet, and playing video games.
In recent years, a large number of studies have confirmed that sedentary behaviors are associated with a
variety of health risks, including cardiovascular disease [2], obesity [3], declining executive functioning [4],
and lower levels of mental health [5,6]. However, global monitoring data show that about half of children
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and adolescents spend more than 2 h of screen time per day [7]. Specifically in the United States, the
average daily sitting time of adolescents increased from 7 h to 8.2 h between 2007 and 2016 [8]. In China,
although related studies may reveal some changing trends [9], the prevalence of sedentary behavior among
school-age adolescents remains a problem.

Among adolescent students, their psychological vulnerability and sensitivity make them susceptible
to various factors, such as poor academic performance and poor health behaviors [10]. A Norwegian
study showed that the rate of psychological distress among adolescents nearly doubled from 15% to 30%
between 2006 and 2019 [11]. In China, the prevalence of mental disorders among school-aged children
and adolescents has also reached an all-time high of 17.5% [12]. These psychological disturbances are not
only strongly associated with health risk behaviors [13], but also with higher academic stress during the
student years [14]. Specifically, when adolescents lack the resources needed to cope with various pressures
and demands, stressors are perceived as a threat, which is highly likely to be detrimental to their mental
health and well-being [15]. Once adolescents are incapable of coping with a situation, negative stress and
consequent bad feelings can develop [16]. Although physical activity is often seen as a protective factor
in health behaviors to cope with stress and maintain students’ psychological well-being, it may further
exacerbate psychological distress due to the increase in sedentary time, which can crowd out “physical
activity” time. Lee and Kim (2018) noted that after Controlling for confounding variables, sedentary behavior
remains a risk factor for anxiety, depression, and stress [17].

In addition, an increase in sedentary time means a corresponding decrease in the time invested in
social relationship building, which can lead to a gradual weakening of adolescents’ connections with others.
In this situation, adolescents are more likely to experience social exclusion and feelings of isolation from
their group. Werneck et al. (2019) showed that both low and high intensity sedentary behaviors (especially
watching TV) were associated with a higher likelihood of social isolation [18]. Baumbach et al. (2023)
conducted a longitudinal study that showed that higher levels of physical activity was negatively associated
with perceived social exclusion [19]. Similarly, in a meta-analysis it was shown that sedentary behavior was
associated with bullying victimization among adolescent children [20]. The experience of bullying further
heightens adolescents’ sensitivity to signals of social exclusion [21], and this perceived social exclusion
can have an impact on adolescents’ mental health and emotional well-being in school, which can lead to
psychological distress [22,23].

Social support, i.e., the social and psychological assistance an individual receives or perceives from
family, friends, and the community, is widely recognized as a protective factor for mental health and can
be effective in preventing psychological distress [24,25]. The study by Fitzpatrick et al. (2024) particularly
emphasizes the role of family and friend support in mitigating the important role of adolescent psychological
distress [26]. At the same time, it has also been noted that sedentary individuals tend to engage in fewer
planned activities, and in turn receive less social support [27]. A meta-analysis by Harandi et al. (2017)
further confirms the positive impact of social support on mental health [28]. Social exclusion and social
support are two distinct yet related constructs that collectively constitute an individual’s social network.
The former represents a deprivation of social relationships, while the latter signifies the acquisition of
positive resources. In this context, optimizing the structure of one’s social network is crucial for both
reducing sedentary behavior and alleviating mental health problems.

In summary, there is a significant association between sedentarism, social exclusion, social support
and psychological distress, which is also reflected in its dimensions, such as family support, friend support
versus other support in social support, and anxiety, depression and stress in psychological distress. However,
previous studies have mostly focused on examining the overall associations among these variables, failing
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to reveal in depth the complex patterns of interactions among the dimensions. Network analysis provides
a novel perspective: it allows the dimensions to be viewed as nodes in a network, and the connections
(edges) between the nodes are constructed using multiple regression coefficients, which can visualize the
interdependencies between the variables.

Therefore, this study proposes to adopt a network analysis approach to clearly map the network of
associations among these variables in a sample of Chinese adolescent students, and to identify core and
bridge symptoms within the symptom network, providing a theoretical basis for future interventions. We
hypothesize that:

Hypothesis 1: In the network model of sedentary behavior, social support, social exclusion, and psychological
distress, correlations exist both within and across domains.

Hypothesis 2: There are key symptoms in the network model that influence other symptoms.

Hypothesis 3: The network model is tightly connected by a small number of core symptoms.

2 Methods
2.1 Study Design

In June 2025, we conducted a survey using convenience sampling at a high school and a large university
in Zhuhai, Guangdong Province, China. All methods were carried out in accordance with the Declaration
of Helsinki—Ethical Principles for Medical Research Involving Human Subjects, as well as other relevant
laws, regulations, and ethical codes. This study has also been approved by the Ethics Committee of the
Department of Psychology, Beijing Normal University (Approval No.: BNU202506090156). All investigators
completed formal training prior to data collection to ensure study integrity.

Following the STROBE guidelines for cross-sectional studies [29], we developed a questionnaire to
collect data on basic demographics, sedentary time, psychological distress, social exclusion, and social
support. After confirming students’ consent to participate, we provided them with a link to the questionnaire.
A priori power analysis was conducted using the “powerly” package (version 1.10.0) in R to determine the
required sample size. The analysis was performed with a candidate sample size range of 200 to 1000, a target
sensitivity of 0.60, and a target statistical power of 0.80. The analysis recommended a sample size of 384 [30].
To ensure the robustness of our findings and to account for potential data attrition, we planned to recruit a
total of 400 participants; a total of 472 participants completed the survey. After processing the collected
data, 13 invalid questionnaires (due to patterned responses or excessively short completion times) were
excluded, resulting in 459 valid responses and a validity rate of 97.3%. Among the valid participants, 381
(82.94%) were male, and 78 (17.06%) were female. The mean age of the participants was 18 years (standard
deviation [SD] = 1.86). The sample included 229 middle school students and 230 undergraduate students.

2.2 Measurements

2.2.1 Sedentary Time

Sedentary time was assessed primarily based on self-reported data from the International Physical
Activity Questionnaire (IPAQ) [31]. For example, how much time per day have you spent sitting in the last
seven days? Studies have shown that self-reported sitting time has acceptable reliability for both men and
women, whether using the long or short form. In addition, a significant correlation was shown between
self-reported total sitting time and accelerometer counts (below 100 per minute) [32].
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2.2.2 Social Exclusion

In this study, the Ostracism Experience Scale for Adolescents (OES-A) was developed by Cordier et al.
(2013) [33] was used to assess the level of perceived social exclusion of students. The scale consists of 11
self-assessment entries on a 5-point Likert scale (1 = never, 5 = always), and it contains two dimensions
of rejection and neglect. The total score ranges from 5 to 55, with higher scores indicating higher levels
of perceived social exclusion. Its Chinese version, Zhang et al. (2018) was developed and showed good
reliability and validity [34]. The Cronbach alpha coefficient of this scale in this study is 0.697.

2.2.3 Social Support

Perceived social support was assessed using the 12-item Perceived Social Support Scale (PSSS) [35].
Items were rated on a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree), with total scores
ranging from 12 to 84. Higher scores reflect greater perceived support. The scale demonstrated excellent
internal consistency in this study (Cronbach’s o = 0.959).

2.2.4 Psychological Distress

Anxiety, depression, and stress were measured by using the DASS-21 scale [36] using the Chinese
validated version [37]. The scale consists of three subscales: stress (e.g., “I find it hard to calm myself
down”), depression (e.g., “I feel sad and down”), and anxiety (e.g., “I feel dry mouth”), with each subscale
having 7 entries each. All entries were rated on a 4-point Likert scale from 0 (never) to 3 (always), with
higher scores indicating higher levels of corresponding psychological distress. In this study, the Cronbach’s
alpha for each subscale was 0.920 for the stress subscale, 0.922 for the depression subscale, and 0.889 for the
anxiety subscale.

2.3 Statistical Analysis

In this study, SPSS 28.0 (IBM Corp., Armonk, NY, USA) was used for descriptive statistics. All
network analyses were conducted using R 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria).
The “qgraph” (version 1.9.8) in the R package was utilized to estimate and construct the network. The
network structure was created through the Extended Bayesian Information Criterion (EBIC), Least Absolute
Shrinkage and Selection Operator (LASSO), Gaussian Graphical Model (GGM), and polynomial coefficients.
EBIC was used to select the best model, LASSO was used to control sparsity, and GGM was used to display
the structure diagram [38,39]. In the network model, the “nodes” represent the core variables of the study:
psychological distress, social support, social rejection, and sedentary time. To clearly distinguish these
variables in the figure, we used a color code, where blue nodes represent psychological distress, green
represents social rejection, orange represents social support, and pink represents sedentary time. The
“edges” are the connection lines between nodes. The thickness of the edges reflects the correlation, with red
edges indicating negative correlation and blue edges indicating positive correlation.

The “bootnet” (version 1.6.0) in the R package was used to measure the centrality index, and
Betweenness, Closeness, Strength, and Expected Influence (EI) were used to estimate the central symptoms
affecting the network structure and the adolescents’ psychological distress, social support, and exclusion.
However, considering the instability of betweenness and closeness centralities, we ultimately chose to use
strength and EI centralities for interpreting the results. Bridge Expected Impact was employed to measure
bridge symptoms [40], to examine the relationship between sedentary time, social support and exclusion,
and psychological discomfort in teenagers. A pie chart with a circle around each network node shows
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predictable values. The R package “mgm” (version 1.2.15) calculates predictable values by indicating how
much other nodes explain a network node [41].

In this study, the analysis of centrality, stability, and edge accuracy was utilized to validate the stability
and correctness of the network structure. When examining the stability of nodes in the network structure,
the case discard bootstrap test was adopted, with 5000 bootstrap samples being carried out. The stability
was quantified by the stability coefficient, where a coefficient greater than 0.50 was considered optimal,
and the minimum value was 0.25. The non-parametric bootstrap test (with 5000 bootstrap samples) was
employed to estimate the 95% edge confidence interval, which was used to measure the correctness of
edges. The less the overlap of confidence intervals, the higher the accuracy. In addition, the non-parametric
bootstrap test was also used to conduct 5000 bootstrap samples for the variability of nodes and edges.

In order to in order to test for gender and school section differences, we used the R package
“NetworkComparisonTest (NCT)” (version 2.2.2) [42] for further analysis. Specifically, this includes the
network structure invariance test, the global strength invariance test, and the edge strength invariance test.

3 Results
3.1 Descriptive Statistics

Table 1 shows the mean, SD, skewness, and kurtosis of each variable for 459 participants grouped by
gender. Judging from the skewness and kurtosis indicators, the data of each variable basically conform to a
normal distribution [43].

Table 1: Descriptive statistical results of each variable.

Variable Female (N = 381), Mean + SD Male (N = 78), Mean + SD Skewness Kurtosis Cronbach’s Alpha
Age 17.816 + 1.796 18.923 + 1.932 0.517 —0.861 /
Sedentary time 7.782 + 3.680 8.180 + 3.649 0.409 0.081 /
OES-A 30.682 + 5.209 31.539 £+ 5.761 —0.012 1.221 0.697
PASS 58.874 + 16.458 57.359 + 15.495 —0.338 —0.180 0.959
DASS-21 13.937 + 13.249 16.295 + 13.367 0.925 0.459 0.967
Stress 5.347 + 4.867 6.180 + 5.011 0.752 —0.008 0.920
Anxiety 4.221 + 4.253 4.859 + 4.130 1.104 1.023 0.889
Depression 4.370 + 4.637 5.256 + 4.863 1.109 0.932 0.922

Abbreviations: OES-A, Social exclusion; PASS, Social support; DASS-21, Psychological distress.

3.2 Correlation Analysis

The correlation coefficients between different variables are shown in Fig. 1 to examine the association
between them. The results of the analysis showed that sedentary time was moderately positively correlated
with psychological distress (r = 0.37, p < 0.001), weakly positively correlated with social exclusion (r = 0.19,
p < 0.001), and even more weakly correlated with social support (r = 0.10, p < 0.001). In addition, perceived
social support was significantly negatively correlated with social exclusion (r = —0.43, p < 0.001) and
psychological distress (r = —0.26, p < 0.001). Finally, there was also a moderate positive correlation between
social exclusion and psychological distress (r = 0.38, p < 0.001).

3.3 Network Analysis

As shown in Fig. 2, we constructed a “Sedentary-Social Support-Social Exclusion-Psychological Distress”
network with 9 nodes and up to 36 possible connections. The density of the network is 58.33%, with 21 non-zero
connections and an average weight of 0.11. The analysis shows that in terms of social support, “other support”
has the strongest correlation with “support from friends”, and in terms of psychological distress, “depression”
has the strongest correlation with “support from friends”. In terms of psychological distress, the strongest
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association was between “depression” and “anxiety”. In addition, the core cross-community associations were:
sedentary and “stress” and “rejection”, neglect and anxiety, and family support and depression.
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Figure 1: Correlation coefficient between different nodes. Note: *p < 0.05, ***p < 0.001. Abbreviations: OES-A, Social
exclusion; PASS, Social support; DASS-21, Psychological distress.
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Figure 2: The network structure of sedentary behavior, social support, social exclusion, and psychological distress.
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3.4 Central and Bridging Symptoms

Table S1 and Fig. 3 show the Centrality of each network node. The core symptoms for strength,
closeness, betweenness, and expected impact centralities were “Other support”, “neglect”, “neglect”, and
“stress”, with standardized centrality indices of 1.135, 1.636, 1.615, and 1.135, respectively. Fig. 4 shows
the expected impact of bridging between network communities where sedentary, stress and anxiety were
identified as the most significant factors linking sedentary-social support-social exclusion-psychological
distress, which may lead to the co-existence of prolonged sedentary, perceived less social support, more
social exclusion and psychological distress.

Strength Closeness Betweenness Expectedinfluence

Other -

Stress

Depression

Friend

Anxiety 1

Neglect

Family 1

Reject

sedentary

=il 0 1 -1 0 1 -1 0 1 -1 0 ]

Figure 3: Comparison chart of strength, closeness, betweenness and expected influence of different nodes.

Bridge Expected Influence (1-step)

sedentary -
Stress -
Anxiety -
Neglect -
Depression -
Family -
Reject -
Other-

Friend -

Figure 4: The expected impacts of bridges at each node.



8 Int ] Ment Health Promot. 2026;28(1):3

3.5 Network Stability and Accuracy

Regarding the stability of the network shown in Fig. 5, the Edge and Strength centrality standardized
coeflicients (CS-C) were calculated with the help of the case-dropping bootstrap program to be 0.75. This
value indicates that the network has good stability, meaning that the main findings remain unchanged even
if up to 75% of the samples are deleted (r = 0.7). In terms of the accuracy of the current network, the results
of the edge bootstrap 95% confidence intervals show that the confidence intervals are narrower, which
is a good indication that the edges presented in Fig. S1 have a high level of confidence. In addition, the
bootstrap difference test results show that most of the comparisons between expected impact and node
strength are statistically significant, as can be seen in Figs. S2 and S3.

betweenness =*= bridgeStrength =*= closeness strength

M

0.54

0.0

-0.54

Average correlation with original sample

90% 80% 70% 60% 50% 40% 30%
Sampled cases

Figure 5: The correlation between node centrality indicators and the original sample under different sampling ratios.

3.6 Network Comparison

Network Comparison Test (NCT) results revealed no significant gender differences in global network
strength (Female: 2.41 vs. Male: 2.27; Strength Difference (S) = 0.14, p = 0.63), network structure (Network
Invariance Measure (M) = 0.17, p = 0.76), or any individual edge weights following Holm-Bonferroni
correction (all p > 0.05). Additionally, the high school and college groups did not present statistically
significant differences in the comparison of network global strength (2.25 vs. 2.32, S = 0.07, p = 0.78) and
network structure (M = 0.19, p = 0.28). Combined with the prior gender analysis, these findings indicate
that network characteristics are invariant across both gender and school segments. The corresponding
network structures are visualized in Figs. S4 and S5.

4 Discussion

The main purpose of the present study was to examine the psychological network of sedentary time,
psychological distress, and social factors in an incidental sample of adolescents on the one hand. On the
other hand, it was to examine the role of social indicators in the relationship between sedentary time and
psychological distress. This is the first study to simultaneously examine the structure of psychological distress
networks and their associations with sedentariness and social indicators in a Chinese student population.
This study employs network and mediation modeling to provide a novel understanding of psychological
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distress, examining its connections to sedentariness and perceived social states. These advanced analytical
approaches offer new frameworks for conceptualizing and addressing psychological distress.

The network structure provided in this study reveals associations between sedentariness and social
indicators and psychological distress at the symptom level in a Chinese student population, thereby
supporting Hypothesis 1. In the constructed network, we observed that the strongest edges existed within
variables. In contrast, edges between different variables were weaker than edges within variables, which
is consistent with previous findings [44,45]. In our study, we observed the strongest cross-variate edges
between “sedentary” and “stress”, “neglect” and “anxiety”, and “family support” and “depression”. Although
much weaker than the within-variable margins, the findings confirm that some dimensions of psychological
distress may be strongly associated with sedentary and social indicators.

In the network analysis of the present study, sedentary, as the only behavioral indicator, we observed a
positive correlation with stress, but did not find a relationship with the anxiety and depression dimensions,
which means that sedentary behaviors predicted an increase in psychological distress more in terms of stress.
Sedentary behavior may lead to increased stress [46], which in turn is a significant predictor of depression
and anxiety in the student population [47]. Therefore, the correlation between sedentary and psychological
distress may be more of a contribution to the stress association. In addition, neglect is likewise a risk factor
for anxiety symptoms in the Chinese student population, and in social exchange theory, relationships are
essentially an exchange of values. When individuals feel that they are not valued in a relationship, they will
doubt their own value, resulting in anxiety and feelings of loss [48]. As for social support, family support is
associated with being a preventive factor for depression, and parental and family support is most closely
related to the protective role of adolescents against depression, more important than any other source [49].
Research suggests that parental support influences the development of children’s mental health, which in
turn may contribute to the prevention of depression [50]. In the estimated psychological network, the most
central nodes by strength were other support, stress, and depression. In terms of expected influence, the
most impactful nodes were stress, anxiety, and other support. The central role of stress was emphasized in
both estimates, thereby supporting Hypothesis 2.

In addition, the view that social support is a protective factor for mental health in traditional psychiatry
remains supported after controlling for the effects of all domains in our study [24]. However, more
specifically, when compared to family support, other support and friend support did not show a significant
association with any dimension of psychological distress (anxiety, depression, and stress) relative to family
support. This also emphasizes the fundamental role of the family. It also points to the importance of
preventing psychological distress among Chinese students through family support interventions. The
specificity within this variable is also reflected in the social exclusion domain, where “feeling neglected”
is a better predictor of psychological distress among Chinese students than “feeling rejected”. This may
reveal that individuals are more sensitive to the need for a sense of belonging and constant attention in the
Chinese cultural context [51]. Compared to explicit rejection, the feeling of being “ignored” and not taken
seriously may be more likely to erode an individual’s sense of self-worth and trigger deeper feelings of
anxiety, depression, and stress. In the context of Chinese society’s emphasis on collective and relational
networks, an individual’s feeling of being marginalized and invisible may have a greater psychological
impact than being rejected outright, as it touches on a deeper intrinsic need to be “needed” and “valuable”.

The Expected Impact for Bridging (BEI) measures a node’s capacity to connect and activate
different communities [52,53]. Disconnecting bridging nodes inhibits the spread of influence and reduces
co-occurrence [40]. Sedentary behavior had the highest BEL This finding is consistent with previous
research suggesting that sedentary behavior may lead to changes in psychological distress and social
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indicators [54], thereby supporting Hypothesis 3. This implies that an increase in sedentary time acts
as an efficient “risk radiator”, simultaneously and rapidly disseminating risk across multiple dimensions,
including psychological distress (e.g., anxiety, depression, stress) and social functioning (e.g., exacerbated
social exclusion, diminished social support). Furthermore, through BEI analysis, friend support exhibited
the lowest negative BEL, which is consistent with previous research identifying nodes with high negative
BEI as protective factors [53]. Therefore, friend support scarcely functions as a “risk bridge”; instead, it acts
more like an “isolation gate”. It not only rarely connects other symptoms but also weakens the pathways
through which social exclusion and sedentary behavior spread to psychological distress, thereby becoming
the most secure “guardian node” in the network. This suggests that friend support may be more useful as a
protective factor to promote mental health and maintain good social adjustment, a finding with important
clinical reference value. Therefore, creating more opportunities for children to interact with peers while
reducing their sedentary time may be an effective strategy for intervention practices to promote their
mental health development.

This study is not without limitations. First, the use of only self-reported information also limits
the conclusions drawn from this study. Second, this study was cross-sectional and therefore, causal
inferences could not be made. Third, the sample’s representativeness is limited due to a gender imbalance
(overrepresentation of females), even though it included both high school and university students. Fourth,
Low internal consistency reliability for some measures, such as the OES, may have compromised the
stability and accuracy of the results.

5 Conclusions

Psychological distress is a prevalent problem in the student population and has a serious impact on
their mental health, hence the need to identify its risk and preventive factors. Different concepts are
included in sedentary, social indicators, and psychological distress. New statistical models, such as network
analysis, help us to better understand and analyze these concepts. Therefore, it is crucial to reveal the
factors associated with psychological distress and analyze the relationship between them in preventive and
protective services. The results of this study provide evidence for the relationship between sedentariness,
social indicators, and psychological distress.
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