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Objective: To explore the network relationships between social integration and subjective well-being (SWB) and to identify key
nodes within this network among young and middle-aged lymphoma patients.

Methods: This study was conducted at a tertiary cancer hospital in Urumgqi, Xinjiang, China. From February to November 2025,
a total of 315 young and middle-aged lymphoma patients were recruited using convenience sampling. Data were collected via
a general information questionnaire, the Social Cohesion Scale, and the General Well-Being Schedule. We used network analysis to
identify core and bridge nodes in the social integration and SWB network. A network comparison test (NCT) was performed to
examine potential gender differences.

Results: The network analysis revealed that “Daily integration” demonstrated the strongest edge weight with “Relaxed or tense”. In
terms of node centrality, “Depressed or happy mood” and “Daily integration” emerged as the core nodes with the highest strength
centrality, while “Daily integration” and “Intimate integration” were identified as the pivotal bridge nodes connecting different network
clusters. No gender differences were observed in the association network between social integration and SWB.

Conclusion: This study explores the network associations between social integration and SWB in young and middle-aged lymphoma
patients. The findings suggest that intervention strategies may focus on improving emotional regulation, daily social interaction, and
intimate relationships to enhance social integration and SWB in this population. Given the heterogeneity in clinical characteristics
among lymphoma patients, future studies are warranted to validate the present findings across different subtypes and treatment
backgrounds.
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Introduction

According to 2022 data, there were approximately 85,200 new lymphoma cases in China.! Lymphoma exhibits a trend
toward younger onset worldwide, with patients aged 18-59 accounting for about 64% of global cases; in China, this
proportion reaches as high as 78%.” Meanwhile, continuous advances in diagnosis and treatment have gradually
improved the five-year survival rate. Accordingly, the focus for patients has shifted from survival prolongation alone
to social reintegration and enhanced quality of life.?

Social integration refers to the process whereby individuals achieve equal participation, mutual acceptance, and full
inclusion within a social system.” Young and middle-aged adults are at a pivotal stage for academic progression, career
development, family establishment, and life goal pursuit. A diagnosis of lymphoma frequently disrupts their educational
and vocational pathways, interrupts pre-existing life plans, and leads to impaired social role functioning,>® which

severely compromises their social integration. Studies have demonstrated that poor social integration predicts
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a significantly increased risk of all-cause mortality.” By contrast, favorable social integration is linked to enhanced
physical functioning and activity,® as well as alleviated depressive symptoms.” Notably, social integration is critical in
helping young cancer patients rebuild a sense of meaning in life.'"® Thus, for young and middle-aged patients with
lymphoma, social integration is not only vital for post-recovery social adaptation but also fundamental to fulfilling their
core life developmental tasks.

Subjective well-being (SWB) is a core psychological indicator for measuring quality of life, encompassing mainly
emotional balance (positive and negative emotions) and life satisfaction.'' Studies consistently show that cancer patients

exhibit lower levels of SWB than healthy populations,'*"?

and this pattern is particularly evident in young and middle-
aged lymphoma patients, who report significantly reduced life satisfaction.'* Furthermore, a systematic review indicated
that young patients with lymphoma experience substantial impairments in multiple dimensions of SWB and quality of
life throughout diagnosis, treatment, and survivorship.'> Notably, SWB can influence health outcomes through four
interrelated pathways: regulating stress hormones and immune-inflammatory responses, encouraging healthy behaviors,
expanding social support networks, and enhancing psychological resilience. Together, these mechanisms reduce the risk
of disease progression through both physical and psychological pathways.'® Therefore, improving SWB should be
considered a key target for rehabilitation interventions among young and middle-aged lymphoma patients, as it may
improve both disease prognosis and overall quality of life.

Social integration is a key psychosocial determinant of SWB, and this association has been confirmed across diverse
populations, including migrant groups and older migrant workers.'”'® In oncology settings, robust social integration is

1920 and has

strongly associated with higher levels of SWB and better mental health outcomes among cancer patients,
also been shown to significantly improve SWB in patients undergoing chemotherapy.?' However, no targeted studies
have yet investigated the relationship between social integration and SWB specifically in lymphoma patients. Moreover,
the specific mechanisms through which social integration influences SWB remain unclear among young and middle-aged
lymphoma patients, who face unique challenges related to their life stage and disease characteristics.

Previous studies”*?* have mostly used traditional statistical methods (eg, regression models, correlation analyses) to
explore the association between social integration and SWB in patient populations As an emerging statistical approach,
network analysis conceptualizes complex social and psychological phenomena as interconnected systems composed of
interrelated variables. Using centrality indices, this method identifies the most influential components: core nodes, which
have the greatest number and strength of connections to other variables, represent the core of the network structure and
serve as key intervention targets; bridge nodes link different variable clusters, allowing for more precise and targeted
interventions. This study applied network analysis to explore the relationship between social integration and SWB among
young and middle-aged lymphoma patients, aiming to identify core and bridge nodes and clarify key interaction
pathways. Identifying these central nodes will provide actionable targets for clinical psychosocial interventions, helping
to develop tailored strategies for improving social integration and SWB in this population.

Methods
Study Design and Participants

This was a cross-sectional network analysis. Young and middle-aged patients with lymphoma were enrolled between
February 2025 and November 2025 at a tertiary cancer hospital in Urumgqi, Xinjiang. The inclusion criteria for
participants were as follows: (1) pathologically confirmed lymphoma; (2) aged 18-59 years; (3) achieved partial or
complete remission; (4) conscious and able to communicate effectively; and (5) provided voluntary written informed
consent. The exclusion criteria were as follows: (1) history of other malignant tumors or severe comorbidities; (2)
diagnosed psychiatric disorders; and (3) inability to perform basic self-care.

Sample Size

In network analysis, the number of parameters includes both node-level variables and pairwise associations calculated as
[N(N—1)/2].>* With 8 nodes in this study, there were 8 node parameters and 28 pairwise association parameters, yielding
a total of 36 parameters to be estimated. Assuming 3-5 participants per parameter and an anticipated 20% invalid
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response rate, the minimum required sample size was calculated to be 135. Ultimately, 315 valid questionnaires were
collected, which adequately met the sample size requirement.

Measures

General Information Questionnaire

After a literature review, the researchers developed a dedicated study questionnaire, which collected demographic data
including but not limited to gender, age, and marital status, as well as disease-related information such as tumor type,
clinical stage, treatment modality, and disease duration.

Social Cohesion Scale (SCS)

The Social Cohesion Scale used in this study was adapted from the Neighborhood Cohesion Scale revised by Fone et a
126

125

It was later translated and validated in the Chinese population by Han et al™ The scale comprises two dimensions and
eight items, rated on a 5-point Likert scale (1 = “Strongly disagree” to 5 = “Strongly agree”). Total scores range from 8 to
40, with higher scores indicating better perceived social integration. In the present study, this scale demonstrated good

internal consistency, with a Cronbach’s a of 0.845.

General Well-Being Schedule (GWBS)

The General Well-Being Schedule used in this study was originally developed by the U.S. National Center for Health
Statistics?” and later adapted and validated for the Chinese population by Duan.”® It has been widely used in health-
related research, including studies on chronic diseases. The scale comprises 18 items across six dimensions. Total scores
range from 14 to 120, with higher scores indicating better SWB. In the present sample, the scale demonstrated excellent
internal consistency, with a Cronbach’s a of 0.920.

Data Collection

After rigorous screening according to the inclusion and exclusion criteria, eligible patients were invited to participate in
this study. Researchers provided a detailed explanation of the study purpose and procedures, emphasizing that partici-
pants could withdraw at any time, and then obtained written informed consent. Disease-related information was
uniformly extracted from electronic medical records by the research team. Subsequently, participants completed the self-
administered questionnaire independently. For those who had difficulty completing the questionnaire, researchers assisted
with specific items only with the patient’s explicit consent and on-site verification to ensure accuracy. A researcher was
present throughout the process to provide clarification. All questionnaires were collected and checked for completeness
on site. Incomplete questionnaires or those with logically inconsistent responses were excluded to ensure data quality.
A total of 330 questionnaires were distributed, and 315 valid questionnaires were recovered, yielding a valid response
rate of 95.45%.

Data Analysis

First, the Extended Bayesian Information Criterion (EBIC) was used to select optimal regularization parameters. The
graphical lasso (glasso) method was applied to construct a Gaussian graphical model (GGM) network linking social
integration and SWB, which enhanced both network sparsity and interpretability. In the analysis, each dimension of
social integration and SWB was treated as a node, and each pairwise association between nodes was defined as an edge.
Thicker edges indicated stronger correlations between nodes, while thinner edges represented weaker correlations; green
and red edges denoted positive and negative correlations, respectively.

Subsequently, to assess the importance of nodes within the network, centrality indices were calculated using two
primary metrics: strength centrality and bridge strength, which were used to identify core nodes and bridge nodes,
respectively. For comparative and visualization purposes, the numerical values of node strength and bridge strength were
standardized via Z-score transformation. The top two nodes in terms of strength were designated as core nodes; bridge
nodes were screened using the 80th percentile threshold of bridge strength scores.
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To validate the reliability and stability of the network, the accuracy of edge weights was evaluated using a 95%
bootstrap confidence interval (CI), where a narrower CI indicated higher precision in edge weight estimation. Meanwhile,
network stability was quantified using the correlation stability coefficient (CS-C), with a CS-C value > 0.5 indicating
optimal stability.

Finally, to compare gender-based differences in the social integration and SWB networks, network structure tests,
global strength tests, and edge invariance tests were conducted sequentially. The Holm-Bonferroni correction was applied
to perform multiple comparisons on the strength of each edge between the two networks, effectively controlling Type
I errors arising from multiple testing. All network analyses were performed using R software (version 4.5.2). The

LLINT3

packages used included “ggplot2”, “qgraph”, “bootnet”, “networktools”, “mgm”, and “NetworkComparisonTest”.

Results

General Demographic Variables of Participants

The sample comprised 63.8% males and 62.9% individuals aged 45-59 years. The majority were married (89.8%) and
had non-Hodgkin lymphoma (96.5%). Regarding treatment, 95.6% received chemotherapy with or without targeted
therapy (Table 1).

Table | Patient Demographic Characteristics (N=315)

Variable N (%)

Gender

Male 201 (63.8%)

Female 114 (36.2%)

Age (Years)

1844 117 (37.1%)

45-59 198 (62.9%)

Marital status

Unmarried 21 (6.7%)

Married 283 (89.8%)

Divorced/widowed Il (3.5%)

Educational level

Junior high school and below 84 (26.7%)

High school or vocational high school 126 (40.0%)

College and above 105 (33.3%)

Monthly household per capita income (RMB)

<3000 57 (18.1%)

3000-5000 203 (64.4%)

>5000 55 (17.5%)

Residence

Rural 48 (15.2%)

Urban 267 (84.8%)

Method of medical payment

Urban and rural resident medical insurance 112 (35.6%)

Employee medical insurance 195 (61.9%)

Others (commercial insurance or self-paid) 8 (2.5%)

Employment status

Employed 103 (32.7%)

Not employed 212 (67.3%)

Tumor type

Hodgkin lymphoma Il (3.5%)

Non-Hodgkin lymphoma 304 (96.5%)
(Continued)
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Table | (Continued).

Variable N (%)

Clinical stage
| 13 (4.1%)

I 69 (21.9%)
Il 131 (41.6%)
v 102 (32.4%)
Treatment modality
Chemotherapy with or without targeted therapy 301 (95.6%)
Chemoradiotherapy 5 (1.6%)
Autologous hematopoietic stem cell transplantation | 9 (2.9%)
Disease duration

<émonths 131 (41.6%)
6—12months 108 (34.3%)
>|2months 76 (24.1%)

Network Structure, Central Nodes, and Bridge Nodes Associated with Social
Integration and SWB

The network structure of social integration and SWB is illustrated in Figure 1A. Node predictability values ranged from
48.6% to 85.7% (Table 2). A total of 28 edges were estimated, of which 21 (75.0%) were non-zero and all were positive.
Node strength and bridge strength are presented in Figure 1B. The results showed that “Depressed or happy mood” (SWB3,
strength = 1.925) and “Daily integration” (SI1, strength = 1.100) were the two core nodes in the network. The bridge nodes
were “Daily integration” (SI1, bridge strength = 1.897) and “Intimate integration” (SI2, bridge strength = 0.928).

Accuracy and Stability of the Estimated Social Integration and SWB Network

The accuracy of edge weight estimation was supported by narrow 95% nonparametric bootstrap confidence intervals
(Figure 1C). Furthermore, the network demonstrated excellent stability: the correlation stability coefficient (CS-C) for
both strength and bridge strength was 0.749 (Figure 1D), exceeding the recommended threshold of 0.5 and confirming
the robustness of the node centrality rankings.

Comparative Analysis of Social Integration and SWB Networks Based on Gender
Grouping

A network comparison of social integration and SWB across gender groups revealed no significant differences in overall
network structure (structure test: M = 0.205, P= 0.497). Similarly, there was no statistically significant difference in
network global strength (Males = 3.538, Females = 3.338, S = 0.199, P= 0.334). All edge invariance tests yielded P >
0.05 after Benjamini-Hochberg (BH) correction, indicating no significant between-group differences. The gender-specific
network structures are presented in the Supplementary Materials. Specifically, the network for male patients is shown in

Supplementary Figure 1, and that for female patients in Supplementary Figure 2.

Discussion

To our knowledge, this study is the first to apply network analysis to investigate the association between social
integration and SWB among young and middle-aged lymphoma patients, providing a novel perspective for elucidating
the underlying mechanisms. Unlike previous research that focused on the overall relationship between total social
integration scores and SWB, this study used network analysis to explore their interactive patterns and influence path-
ways. The results indicate that “Depressed or happy mood” (SWB3) and “Daily integration” (SI1) are core nodes that
may serve as pivotal links between social integration and SWB. In addition, “Daily integration” (SI1) and “Intimate
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Figure | Network analysis of social integration and subjective well-being in young and middle-aged lymphoma patients. (A) Network structure of social integration and
subjective well-being. (B) Node strength and bridge strength of all nodes. (C) Edge weight stability via bootstrap resampling. (D) Case-dropping stability test for node
strength and bridge strength.

Notes: SlI: Daily integration, SI2: Intimate integration; SWBI: Energy, SWB2: Relaxed or tense, SWB3: Depressed or happy mood, SWB4: Control over emotions or
behaviors, SWB5: Health concerns, SWB6: Satisfaction with or interest in life.

integration” (SI2) were identified as bridge nodes in the network. These findings suggest that targeted interventions on

these key nodes have important practical implications for improving social integration and SWB in this population.

Network Characteristics of Social Integration and SWB

Within the estimated network, the strongest edge emerged between “Daily integration” (SI1) and “Relaxed or tense”
(SWB2). This indicates that, for young and middle-aged lymphoma patients, their level of engagement in routine social
activities is most directly and strongly associated with daily emotional regulation, specifically the ability to manage
tension and achieve relaxation. This finding is consistent with previous studies suggesting that structured daily routines
and social participation can buffer against anxiety, thereby improving well-being in younger individuals.?’ Lymphoma
patients often endure psychological and physical stress due to prolonged hospitalization, treatment-related isolation,

and side effects, which may trigger anxiety.*® Routine social activities can enhance a sense of autonomy and
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Table 2 Strength of All Nodes, Bridge Strength, and Predictability (N=315)

Nodes Strength | Bridge Strength | Predictability
Social Integration

Sl1: Daily integration 1.100 1.897 0.793
SI2: Intimate integration —0.045 0.928 0.698
Subjective Well-Being

SWBI: Energy —0.822 —0.558 0.486
SWB2: Relaxed or tense —0.291 0.040 0.657
SWB3: Depressed or happy mood 1.925 0.201 0.857
SWB4: Control over emotions or behaviors —0.299 —0918 0.712
SWBS: Health concerns —0.737 —0.996 0.646
SWBé: Satisfaction with or interest in life —0.831 —0.593 0.516

Notes: SII-SI2 represent the two dimensions of social integration; SWBI-SWB6 represent the six dimensions of
SWB. Bold values indicate the nodes with the highest values of strength and bridge strength, respectively.

effectively relieve psychological tension in patients.>' Furthermore, strong daily social connections reduce salivary
amylase and cortisol secretion, directly weakening psychophysiological stress responses and alleviating tension.>* In
the current network of social integration and SWB, the connection between “Depressed or happy mood” (SWB3) and
“Control over emotions or behaviors” (SWB4) ranked second in strength. This finding suggests a close association
between young and middle-aged lymphoma patients’ hedonic mood status and their ability to control emotions and
behaviors. According to the broaden-and-build theory, positive affect broadens individuals’ attention and cognitive
flexibility, thereby increasing the psychological resources available for regulating emotions and behaviors.*®> Moreover,
individuals with stronger control abilities tend to implement spontaneous emotion regulation, accompanied by
significantly enhanced neural activity in both the executive control network and the emotion regulation network of
the brain.** Therefore, healthcare professionals should develop targeted interventions to help young and middle-aged
lymphoma patients improve their daily social integration, emotional regulation, and self-control to promote their
mental health.

Core Nodes in Social Integration and SWB Networks

Two core nodes were identified in the association between social integration and SWB: “Depressed or happy mood”
(SWB3) and “Daily integration” (SI1). Among them, “Depressed or happy mood” (SWB3) was the most central node,
suggesting that improving this node would most likely spread positive effects throughout the network of social
integration and SWB via its connections with other nodes. On the one hand, depressed mood amplifies the distress
caused by the disease and directly reduces patients’ SWB.? On the other hand, depression weakens patients’ willingness
to participate socially. For example, patients may reduce contact with relatives and friends, avoid peer support activities,
and be reluctant to return to work or study,’® thereby lowering their level of social integration. A longitudinal study of
prostate cancer survivors showed that patients’ level of depression was significantly associated with both social
integration and SWB. Specifically, patients with higher social integration exhibited lower depression and higher
SWB.?” Therefore, psychological interventions such as cognitive behavioral therapy (CBT) and mindfulness-based stress
reduction (MBSR) could be implemented to target this core node. By alleviating depression, such interventions may
simultaneously improve mental well-being and social integration.

“Daily integration” (SI1) was identified as another core node in this study, suggesting that it also plays an important
role in the network of social integration and SWB. The present findings are consistent with a previous review,*® which
indicated that sustained social interaction and regular participation in daily activities can help patients rebuild social roles
and enhance self-worth, thus constituting an important pathway to achieving social integration. Treatment-related fatigue
may easily lead to daily social withdrawal and reduced activity among young and middle-aged lymphoma patients,
thereby hindering their social integration.*® In contrast, daily community interaction can help patients reconstruct diverse
social identities, promote self-acceptance and reduce stigma,’® and ultimately improve SWB.*' Curtin et al*® also
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reported that regular engagement in daily life activities promotes social integration and favorable SWB in cancer patients.
Therefore, healthcare professionals should emphasize daily integration in this population and implement targeted
strategies to strengthen daily social participation and engagement, thereby improving patients’ overall social integration
and SWB. Specifically, structured social participation guidance and personalized social skill-building programs can be
provided to help patients master effective social communication skills, create a low-pressure social environment, alleviate
disease-related anxiety, and promote self-acceptance, ultimately enhancing patients’ daily social integration and SWB.

Bridging Nodes in Social Integration and SWB Networks

Two critical bridge nodes were identified in the network of social integration and SWB: “Daily integration” (SI1) and
“Intimate integration” (SI12), suggesting that these two factors may serve as key mechanisms linking social integration
and SWB. Among them, “Daily integration” (SI1) was both a core node and the primary bridge connecting social
integration and SWB, indicating its particularly strong association with SWB. Changes in daily integration are therefore
more likely to directly influence SWB among young and middle-aged lymphoma patients. This finding is consistent with
a previous study showing that daily and leisure activities are significantly associated with SWB in older adults, and that
leisure activities play a mediating role between daily activities and SWB.** Patients with lymphoma frequently
experience disease-related psychological distress.*> In contrast, daily low-stress social interactions may stimulate
oxytocin secretion, relieve physical and mental stress, and consequently enhance SWB.** Furthermore, daily commu-
nication provides low-cost, high-frequency emotional connection, enhances individuals’ sense of normality, belonging,
and self-worth,** and effectively relieves loneliness and insecurity caused by treatment-related isolation and lost social
roles.

“Intimate integration” (SI2) was identified as another bridge node connecting the network of social integration
and SWB. This indicates that it has a strong correlation with SWB, and changes in this domain are more likely to
lead to variations in SWB among young and middle-aged lymphoma patients. Our findings are consistent with
a previous study suggesting that intimate relationships in older adults exert a continuous effect through long-term
stability, thereby sustainably improving SWB over time.*® For young and middle-aged lymphoma patients, high-
quality intimate support can enhance psychological resilience, reduce disease-related stress, and further alleviate
negative emotions while improving SWB.*” In addition, a high level of intimacy and belonging can strengthen the
positive association between social interaction frequency and individuals’ SWB.*® Therefore, interventions centered
on intimate integration represent an effective approach to improving social integration and SWB in this population.
Healthcare professionals are recommended to establish a precise and multi-level community support framework and
implement differentiated interventions according to patients’ treatment stages and physical conditions: offline
disease-specific communication activities for physically eligible patients, online home-based support and remote
interaction for those in poor physical condition, and concurrent family support workshops. By establishing channels
for emotional communication and social support, patients’ sense of intimacy and belonging can be enhanced, thereby
improving their social integration and SWB.

Comparative Analysis of Gender Differences in Social Integration and SWB Networks
Finally, network comparison in the present study revealed no significant gender differences in the network structure of
social integration and SWB. This may be attributed to similar impacts of common challenges, including treatment-related
side effects and disrupted social roles, on patients of both genders, resulting in consistent core features of social
integration and SWB. Future studies with larger sample sizes and longer follow-up periods are warranted to further
explore the potential moderating role of gender in the association patterns between social integration and well-being
across different disease stages and treatment intensities.

Limitations

Several limitations of this study should be noted. First, this study only recruited lymphoma patients from a single tertiary
cancer hospital in Urumqi, which may limit the generalizability of the findings. Future multi-center and large-sample
studies could be conducted to verify our results. Second, as a cross-sectional study, this research cannot infer causal
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relationships between social integration and SWB over time. Longitudinal study designs may be used in future work to
explore dynamic network changes. Third, this study only performed network comparisons by gender and did not conduct
further analyses incorporating clinical characteristics such as lymphoma subtype, disease severity, and remission status.
Therefore, the conclusions may be heterogeneous across these clinical factors. Finally, the scales used in this study were
based on patient self-reports, which may introduce reporting bias or recall bias. Future studies may consider including
objective measures such as social interaction frequency and laboratory indicators, combined with more detailed clinical
characteristics, to provide a more comprehensive and accurate analysis of the relationship between social integration and
SWB and improve the clinical applicability of the conclusions.

Conclusions

This study employed a network analysis approach to elucidate the complex interplay between social integration and SWB
among young and middle-aged patients with lymphoma. The findings identified negative emotions and basic social
integration as central hubs underlying the psychosocial health of this population, and revealed no significant gender
differences in the association network. The core value of this study lies in providing empirical evidence for psychosocial
care in this population and clarifying the shift from general support to precise and individualized interventions. The core
nodes and bridge nodes identified from the network structure can inform the development of targeted clinical care
strategies to improve social adaptation and mental health outcomes in these patients.
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