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As cancer survival rates have improved, there is growing interest in enhancing patients’ quality of 
life during and after treatment. Quality of life in cancer patients is a multidimensional construct 
encompassing physical, role, emotional, cognitive, and social functioning, along with physical 
symptoms and financial concerns. However, the complex interplay among these factors remains 
poorly understood. Mental health conditions, including anxiety, depression, and distress, are common 
in patients with breast cancer and significantly impair quality of life. Trait mindfulness, defined as 
a tendency toward present-moment awareness, is associated with reduced psychological distress 
and improved emotional regulation. This study aimed to examine the interrelationships among QoL 
domains, mental health problems, and trait mindfulness using network analysis. In particular, trait 
mindfulness was considered a potential factor that may enhance both quality of life and mental health 
in breast cancer patients. In this cross-sectional study, 196 breast cancer patients completed face-to-
face interviews at various treatment phases, using structured questionnaires including the European 
Organization for Research and Treatment of Cancer Quality of Life Questionnaire–Core 30, the Hospital 
Anxiety and Depression Scale, the Distress Thermometer, and the Mindful Attention Awareness Scale. 
Network analysis was conducted using a Gaussian Graphical Model optimized via the Least Absolute 
Shrinkage and Selection Operator and the Extended Bayesian Information Criterion, with modularity 
analysis applied to identify community structures. Emotional functioning and trait mindfulness 
emerged as central nodes, and three distinct communities were identified: mind (emotional and 
cognitive functioning, depression, anxiety, distress, insomnia, and trait mindfulness), body (physical 
and role functioning, and physical symptom burden), and socioeconomic status (social functioning 
and financial difficulty). The positive correlation between trait mindfulness and emotional functioning 
suggests that cultivating trait mindfulness may be a promising strategy to enhance quality of life in 
patients with breast cancer.
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Breast cancer is the most commonly diagnosed cancer and the leading cause of death in women worldwide1. By 
2024, the global burden of breast cancer has increased significantly, with approximately three million new cases 
and one million deaths annually, particularly in countries with low or medium Human Development Index2. 
With significant improvements in survival rates due to advancements in cancer treatment, quality of life (QoL) 
is increasingly regarded as a key clinical indicator in cancer care3. Importantly, QoL is not only a treatment 
outcome but also a prognostic indicator of survival and recovery4, highlighting the need to address it proactively 
in clinical practice.
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Cancer treatments often cause side effects that impact both physical and mental well-being, with patients 
frequently reporting pain, fatigue, and nausea5. Chemotherapy, for instance, has been shown to impair physical 
and role functioning while increasing fatigue and dyspnea5. Furthermore, fatigue and insomnia may persist long 
after treatment, continuing to affect the QoL of breast cancer survivors6. Another study found that recurrent 
breast patients undergoing or not undergoing treatment experienced more severe symptoms (fatigue, pain, 
and appetite loss), poorer functioning, and higher levels of depression compared to the post-treatment group7. 
Treatment-related changes in appearance, such as hair loss and mastectomy, can also contribute to distress 
and anxiety, further diminishing overall QoL8–10. In addition, the prognostic role of QoL in survival outcomes 
has been well-documented. A meta-analysis examining the relationship between QoL and overall survival 
identified physical functioning, appetite loss, and pain as significant prognostic factors in cancer patients11. 
Similarly, findings from the cohort study among patients with advanced-stage cancer indicated that physical 
QoL symptoms such as nausea, vomiting, and dyspnea, rather than psychological QoL (anxiety, distress), 
provide valuable prognostic information for patient’s survival12. The findings above highlight the importance of 
prioritizing the evaluation of QoL in cancer care.

QoL is a multidimensional concept encompassing various aspects. The European Organization for Research 
and Treatment of Cancer Quality of Life Questionnaire–Core 30 (EORTC–QLQ C30) is widely used in cancer 
care and research. It measures global health status; five functional domains, including physical functioning, 
emotional functioning, role functioning, cognitive functioning, and social functioning; three symptom scales, 
including fatigue, pain, and nausea; and additional symptoms, including dyspnea, appetite loss, insomnia, 
constipation, diarrhea, and financial difficulties13,14. This structure enables detailed exploration of the complex 
interconnections among these factors15. A few studies examining QoL domains have shown that better physical 
QoL is linked to fewer psychological symptoms and improved sleep quality, while higher emotional QoL is 
associated with less pain, improved sleep, and fewer gastrointestinal symptoms16. Additionally, fatigue has 
been strongly correlated with pain, insomnia, and depression17. However, the various dimensions of QoL are 
considered inconsistently across studies, and individual findings may not identify which aspects are most 
critical for cancer patients. Moreover, limited investigation of internal links between QoL domains may hinder a 
comprehensive understanding of their interrelated effects. Given its importance, reducing factors that negatively 
impact QoL and enhancing those that support it are essential for effective cancer care.

Depression, anxiety, and psychological distress are common among breast cancer patients and significantly 
reduce QoL18. These psychological conditions negatively affect overall QoL as well as specific domains, including 
emotional, physical, and social functioning19,20. Among breast cancer survivors, one study found that depression 
was strongly associated with poorer global QoL and emotional functioning21. Another study reported that 
depression, particularly when present before treatment, was a key predictor of QoL trajectories over time22. 
Furthermore, evidence suggests that depression may mediate the relationship between cognitive functioning 
and QoL in breast cancer patients22. These findings highlight the importance of understanding the interplay 
between psychological factors and QoL domains to enhance the overall QoL among breast cancer patients.

Given the profound impact of mental health conditions on QoL in breast cancer patients, targeting these 
modifiable psychological factors is crucial for improving patient outcomes. Mindfulness, an inherent trait that 
varies among individuals and reflects a person’s ability to stay present and open-minded, has been recognized 
for its psychological benefits in reducing distress and stress-related symptoms in those facing physical and 
psychological challenges, such as cancer patients23–25. Evidence shows that patients with higher trait mindfulness 
may experience less distress and fewer stress-related symptoms25. Despite evidence that mindfulness-based 
interventions positively impact the mental health and QoL of cancer patients, the relationship between trait 
mindfulness and specific domains of QoL remains unclear.

The present study addresses these gaps by employing network analysis to identify central nodes that represent 
critical aspects of QoL and to explore the network’s community structure. The primary objective was to identify 
key central nodes, while the secondary objective was to conduct modularity analysis to detect community 
structure. A holistic approach, incorporating various dimensions of QoL, mental health issues, and trait 
mindfulness, provides a comprehensive understanding of the interconnected factors influencing breast cancer 
patients’ well-being. Clinically, understanding these relationships is essential for identifying targets to improve 
QoL in patients with breast cancer.

Results
Demographic and clinical characteristics
Demographic information and clinical characteristics of the participants are presented in Table 1. All the 
participants were women with breast cancer, with a mean age of 51.9 years. The average time since diagnosis 
was 18.5 months, and the majority had been diagnosed with stage II cancer (46%). Detailed descriptions are 
provided in Table 1.

The network structure of the functional QoL, symptom-related QoL, mental health, and trait 
mindfulness ability
Figure 1 depicts the network model in which nodes represent a set of variables related to global health status 
(QL); functional QoL, including physical (PF), role (RF), emotional (EF), cognitive (CF), and social functioning 
(SF); symptom-related QoL, including fatigue (FA), nausea/vomiting (NV), pain (PA), dyspnea (DY), insomnia 
(SL), appetite loss (AP), constipation (CO), diarrhea (DI), and financial difficulties (FI); mental health, including 
depression (DEP), anxiety (ANX), and distress (DT); and trait mindfulness (MAAS). The network model 
resulted in 19 nodes and 51 nonzero edges out of 171 possible edges, indicating 51 pairs of correlated variables. 
Emotional functioning was positively correlated with trait mindfulness (0.228), social functioning (0.133), and 
global QoL (0.105). Conversely, emotional functioning was negatively correlated with distress (− 0.333) and 
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anxiety (− 0.242). The physical functioning was negatively associated with various symptoms, including pain 
(− 0.085), appetite loss (− 0.060), dyspnea (− 0.059), nausea, and vomiting (− 0.046), and strongly correlated with 
fatigue (− 0.237). Conversely, physical functioning positively correlated with role functioning (0.137). There was 
a strong negative association between financial difficulty and social functioning (− 0.234).

We utilized community detection to identify clusters within the network where nodes were more connected 
to each other than to nodes in other groups (Fig. 2). Two nodes, constipation and diarrhea which exhibited 
no connections, were excluded from the community network detection. The community detection algorithm 
results were based on the modularity score, with a score above 0.3 demonstrating a clear community structure. 
The Optimal algorithm achieved the highest score (0.3798), indicating the clearest community structure. In 
Fig. 2, the network revealed three community groups including (1) “Mind,” (2) “Body,” and (3) “Socioeconomic 
status” respectively.

We estimated bridge strength to quantify the importance of a node in connecting multiple communities 
(Supplementary Fig. 1). Emotional functioning was revealed to be a critical central node in the network, acting 
as a primary bridge between communities and influencing the overall network structure.

Edge weight accuracy
The results from 1000 bootstrap samples assessing the accuracy of the edge weights are displayed in Supplementary 
Figs. 2 and 3. The reliability of the correlations identified in the network estimation was confirmed. The plots 
revealed that the confidence intervals had a small to moderate overlap around the estimated edge weights, 
indicating stability across various samples.

Age (years) 51.85 ± 10.56

Education level, N (%)

  Less than high school 129 (66%)

  More than high school 67 (34%)

Stage of cancer, N (%)

  Stage 0 2 (1.0%)

  Stage I 20 (10%)

  Stage II 91 (46%)

  Stage III 62 (32%)

  Stage IV 21 (11%)

Time of disease (months) 18.53 ± 27.41

 EORTC–QLQ C30

  Global health status 63.48 ± 18.14

  Physical functioning 79.12 ± 17.43

  Role functioning 69.64 ± 28.86

  Emotional functioning 70.49 ± 26.06

  Cognitive functioning 76.87 ± 23.16

  Social functioning 63.18 ± 31.90

  Fatigue 40.48 ± 23.83

  Nausea and vomiting 14.03 ± 24.58

  Pain 29.76 ± 24.72

  Dyspnea 14.80 ± 25.08

  Insomnia 42.69 ± 38.75

  Appetite loss 42.52 ± 41.97

  Constipation 9.35 ± 21.29

  Diarrhea 9.18 ± 20.69

  Financial difficulties 66.33 ± 33.07

HADS-D 6.67 ± 2.86

HADS-A 4.12 ± 3.89

DT 3.37 ± 2.76

MAAS 5.09 ± 0.68

Table 1.  Demographic and clinical characteristics of participants (N = 196). The means ± standard deviations 
are provided for age, time of disease, EORTC-QLQ C30, HADS-D, HADS-A, DT, and MAAS. EORTC-QLQ 
C30 European Organization for Research and Treatment of Cancer Quality of Life Questionnaire–Core 30, 
HADS-D depression subscale of the hospital anxiety and depression scale, HADS-A Anxiety subscale of the 
hospital anxiety and depression scale, DT distress thermometer, MAAS mindful attention awareness scale.
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Centrality stability (CS)
We utilized a bootstrapping sample with case-dropping to evaluate the stability of the centrality indices 
(Supplementary Fig. 4). A CS coefficient of 0.439 for the strength indicates relatively good stability, indicating 
that up to 43.9% of the data can be removed while maintaining a correlation of 0.7 or higher between the original 
strength centrality and that of the reduced sample with a 95% probability. As the closeness and betweenness 
coefficients were 0.128 and 0.286, respectively, falling below the recommended thresholds, strength was 
prioritized as the primary centrality index.

Figures 3 and 4 present the centrality indices and expected influence based on the Z-score standardization. 
Centrality indices refer to the importance of a particular node relative to the other nodes in a network. The 
results demonstrated that emotional functioning was the most significant node in the network, as reflected 
by the consistently high values of the node across strength, closeness, and betweenness centrality metrics. 
Although emotional functioning was the node with the lowest expected influence, trait mindfulness exhibited 
the highest positive expected influence. These findings suggest that while emotional functioning occupies a 
central position in the network due to its highest direct connectivity with other nodes, trait mindfulness exerts 
the most significant influence when considering both its magnitude, direct and indirect effects on other nodes 
within the network.

Relative importance analysis
The results indicated that the factors in our model explained 77.25% of the variation in emotional well-being 
among patients, with trait mindfulness contributing the most at 38.68%. All predictors were identified to be 
statistically significant in relation to emotional functioning, with distress and anxiety having the highest relative 
importance among the predictors. The detailed results of the relative importance analysis are presented in 
Supplementary Table 1.

Discussion
QoL is an important outcome measure in medical research and clinical care and is a basis for treatment 
recommendations and interventions. To our knowledge, this study is the first to explore and visualize network 
structures of functioning and symptom domains of QoL, along with depression, anxiety, distress, and trait 
mindfulness in patients with breast cancer. The network analysis revealed emotional functioning and trait 
mindfulness as key nodes. Emotional functioning, identified as the most central node, plays a crucial role in 
influencing other nodes, connecting the three identified communities. Trait mindfulness also showed notable 
influence on QoL and mental health when considering both the magnitude and direction of its connections. 
Additionally, it may serve as a promising target for interventions aimed at improving QoL. As a secondary aim, 
this study also sought to identify closely related variables using community detection. This analysis revealed 

Fig. 1.  Network of quality of life, depression, anxiety, distress, and trait mindfulness in patients with breast 
cancer. [Orange: QoL- Global Health Status; Mint: QoL- Functioning; Lime: QoL- Symptoms, Peach: Mental 
Health, Yellow: MAAS]. Network plot with 19 nodes and 51 undirected edge weights. The variables are 
represented by nodes, and the edges indicate the regularized partial correlation between the two nodes. 
Positive correlations are demonstrated with blue lines, whereas negative correlations are denoted with red lines. 
Thick and intense edges indicate strong connections.
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three distinct communities including mind, body, and socioeconomic status, corresponding to the psychological, 
physical, and social dimensions of patient well-being.

In this study, emotional functioning affected all other nodes within the network, highlighting a series of 
interconnected pathways. The negative correlation between emotional functioning and anxiety and distress 
implies that increased anxiety and distress may impair patients’ ability to regulate emotions, which in turn 
impairs their emotional functioning26. Patients with cancer often experience elevated anxiety and distress when 
confronted with their illness and throughout their treatment27. Research has demonstrated that up to 30–60% of 
patients with breast cancer experience emotional distress, yet fewer than 30% receive appropriate psychological 
support28. In addition, patients with cancer with comorbid psychological conditions, such as depression and 
anxiety, tend to have significantly lower emotional functioning than those without these conditions29. Findings 
from several studies indicate that emotional functioning scores are generally lower than physical and cognitive 
functioning scores30,31. This suggests that, even when other functions are relatively preserved, declines in 

Fig. 2.  Network plot with detected communities. [Detected communities – Green: Community (1), Red: 
Community (2), Blue: Community (3)]. Figure 2 illustrates the results of the modularity analysis. The network 
identified three community groups within 19 nodes and 51 undirected weighted edges: (1) “Mind”: Emotional 
functioning—Cognitive functioning—Mindfulness—Depression—Anxiety—Distress—Insomnia; (2)”Body”: 
Physical functioning—Role functioning—Global health-related quality of life—Pain—Fatigue—Poor 
appetite—Nausea and vomiting—Dyspnea; and (3)“Socioeconomic status”: Social functioning—Financial 
difficulty.
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emotional functioning can significantly reduce overall QoL. Therefore, prioritizing the assessment of emotional 
functioning may be essential for enhancing QoL in cancer patients.

Our findings indicate that emotional functioning and trait mindfulness are not only key components 
of the overall network but also play significant roles within the mind community. Notably, this community 
reveals complex interrelationships among trait mindfulness, emotional functioning, distress, and depression. 
Specifically, trait mindfulness had a significant positive relationship with emotional functioning, while 
emotional functioning demonstrated an inverse relationship with distress. Our results also indicate a direct 
negative association between trait mindfulness and depression. These findings support the hypothesis that 
individuals with high trait mindfulness tend to exhibit improved psychological well-being, fewer stress-related 
symptoms, and better emotional regulation32–34. Furthermore, the results of a study suggesting that mindfulness 
could mediate the relationship between stress and QoL, influencing QoL either directly or indirectly35, align 
with our findings. Considering that regularly increasing state mindfulness through meditation enhances trait 
mindfulness36, mindfulness-based interventions may reduce distress and improve QoL by strengthening trait 
mindfulness.

The psychological mechanism by which mindfulness practice reduces symptoms of anxiety, depression, 
and distress while enhancing emotional functioning is based on attention and acceptance of emotional states37. 
Augmenting trait mindfulness and emotional regulation can reduce the impact of negative thinking patterns 
including rumination and self-criticism, which often contribute to depressive symptoms38,39. Furthermore, 
self-regulation of attention training encourages individuals to acknowledge and accept their emotions, reduce 
automatic reactions, and respond to stressors adaptively through emotional regulation rather than by suppressing 
or avoiding negative emotions34,39,40.

Physical functioning is a key indicator of overall health and reflects independence in daily activities41,42. 
Consistent with the outcomes of the previous studies, the body community network in our analysis identified 
that the symptom burden is closely linked to physical functioning43,44. In addition, our study indicated that 
symptoms such as appetite loss, nausea and vomiting, and dyspnea form a cluster of interrelated symptoms 
that collectively impair physical functioning, with fatigue exhibiting the strongest correlation with physical 
functioning. This finding aligns with previous studies demonstrating a significant correlation between fatigue 
and physical functioning45,46. Moreover, our findings emphasize the interconnectedness between physical and 
role functioning, with the latter defined as the ability to engage in work, daily activities, and leisure pursuits47. 
A strong correlation between these two aspects indicates that a decline in physical health, especially with 
fatigue and pain, can substantially hinder a patient’s ability to perform daily tasks and participate in meaningful 

Fig. 3.  Centrality indices plot. [QL global health status, PF physical functioning, RF role functioning, EF 
emotional functioning, CF cognitive functioning, SF social functioning, FA fatigue, NV nausea and vomiting, 
PA pain, DY dyspnea, SL insomnia, AP appetite loss, FI financial difficulty, DEP depression, ANX anxiety, DT 
distress, MAAS mindfulness attention awareness].
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activities. Based on this finding, we suggest a multi-symptom management approach that targets interrelated 
symptoms collectively rather than individually, to enhance patient care and improve QoL.

Consistent with previous research48, our study found that the socioeconomic status community revealed a 
strong negative association between financial instability and social functioning. Therefore, treatment-related 
financial difficulties can create significant barriers to patient participation in social activities. Additionally, our 
network analysis showed that the socioeconomic status community was closely linked to the mind community, 
particularly through emotional functioning. This suggests that, beyond limiting social activity, financial difficulty 
also negatively affects mental health, primarily by impairing emotional functioning. Our findings align with 
those of studies indicating that women with breast cancer experiencing financial difficulty have poor emotional 
QoL49. Another study revealed that emotional distress mediates the relationship between financial difficulty and 
overall distress50. These findings highlight the importance of efforts to reducing patients’ financial burdens, as 
improving financial conditions may positively influence both mental health and emotional functioning.

Our network analysis of QoL in breast cancer patients revealed significant interconnections among 
emotional functioning, trait mindfulness, and other domains, organized into three distinct yet interconnected 
communities: mind, body, and socioeconomic status. Emotional functioning and trait mindfulness emerged 
as central nodes within the mind community, both influencing and being influenced by other domains. The 
body community primarily reflected physical functioning and symptom burden, whereas the socioeconomic 
community represented social and economic influences on well-being. Notably, the observed linkage between 
the mind and body communities aligns with Taoist philosophy, which conceptualizes the mind and body 
as harmoniously interdependent and balanced, as illustrated by the concept of Yin and Yang51. This view is 
echoed in broader Eastern philosophies, which regard physical, emotional, and spiritual health as integrated 
foundations of mental well-being52. However, our findings should be interpreted with caution, as the analysis 
reflects associations rather than causal relationships.

Our study has several limitations that should be acknowledged. First, the use of a weighted, undirected 
network based on cross-sectional data limits the interpretation of observed associations as correlational rather 
than causal. Second, the correlation stability coefficients for strength centrality in our analysis demonstrate 
that moderate stability can provide valuable insights into the network structure. However, the betweenness and 
closeness centralities are more sensitive to data variations, likely reflecting sample size constraints. Larger sample 
sizes in future studies may enhance the robustness of these centrality indices. Third, the focus on women with 
breast cancer in this study restricts generalizability to other cancer types. Future studies should include a broad 
range of cancer populations to gain a comprehensive understanding of how these correlations vary across diverse 
patient demographics. Finally, assessments were conducted across all cancer stages and treatment phases, the 

Fig. 4.  Expected influence plot. [MAAS mindfulness attention awareness, AP appetite loss, NV nausea and 
vomiting, CF cognitive functioning, DEP depression, ANX anxiety, DY dyspnea, FA fatigue, SL insomnia, QL 
global health status, RF role functioning, SF social functioning, PA pain, DT distress, FI financial difficulty, 
PF physical functioning, EF emotional functioning]. The Y-axis represents the Z-scores of expected influence, 
while the X-axis displays the nodes arranged in descending order of the expected influence values.
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potential confounding effect of cancer stage and timing of assessment on QoL and mental health issues was not 
controlled. Future research should recruit a sufficient number of participants from each cancer stage to explore 
possible differences in network structures according to cancer stage.

This study applied network analysis to explore the complex interrelations among QoL domains, mental health 
problems, and trait mindfulness in patients with breast cancer. Emotional functioning and trait mindfulness 
emerged as central nodes. Emotional functioning showed the highest centrality, bridging psychological, physical, 
and socioeconomic dimensions, while trait mindfulness exhibited the strongest expected influence. These 
findings underscore the potential benefits of targeting emotional functioning and enhancing trait mindfulness 
to improve QoL. Future research should examine the role of emotional functioning and its relationship with 
trait mindfulness in diverse cancer populations. Longitudinal network analyses are required to clarify causal 
pathways in QoL and guide personalized psychosocial interventions.

Methods
Participants
A cross-sectional study was performed in March 2024 in two specialized oncology Units in Ho Chi Minh 
City. Women with breast cancer were screened according to predefined recruitment criteria using consecutive 
sampling. The eligibility criteria included women aged 18 years or older with a confirmed breast cancer diagnosis 
and receiving treatment, including surgery, chemotherapy, hormone therapy, or radiation therapy, at the study 
hospitals. Patients with severe medical conditions, such as postoperative status or uncontrolled pain, which made 
it impossible for them to participate in interviews, as well as those previously diagnosed with any psychiatric 
disorder by a psychiatrist, were excluded. A total of 196 patients were enrolled in the study.

Following ethical approval and collaboration with the hospital departments, final-year public health students 
from the University of Medicine and Pharmacy at Ho Chi Minh city were granted permission to approach 
potential participants, provide information about the study, and screen patients for eligibility. Research team 
members responsible for conducting the interview were trained by the principal investigator on standardized 
face-to-face interview techniques, using a structured questionnaire to ensure consistency throughout the 
interview process. The interviews were conducted when patients were deemed eligible to participate in the study 
and took place across various treatment phases, ranging from early to late stages. Written informed consent was 
obtained from all participants prior to the interviews. The study was approved by the Ethics Committee of the 
University of Medicine and Pharmacy at Ho Chi Minh City (No.390/HĐĐĐ) and Ho Chi Minh City Oncology 
Hospital (No.323/BVUB- HĐĐĐ). All study protocols were conducted in accordance with the approved 
guidelines.

Measurements
The participants completed interviews using a structured questionnaire that included standardized questions on 
sociodemographics (age and education level) and disease-related characteristics (disease duration and cancer 
stage).

European organization for research and treatment of cancer quality of life questionnaire–core 30 (EORTC–QLQ 
C30)
The EORTC QLQ-C30, developed by the EORTC QoL group, is a 30-item scale designed to assess various aspects 
of QoL in patients with cancer53. The scale used to assess QoL includes several components: global health-related 
QoL, five functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, 
and nausea/vomiting), and six additional items (dyspnea, insomnia, appetite loss, constipation, diarrhea, and 
financial difficulty). Raw scores were obtained by averaging item responses and standardized scores were linearly 
transformed to a 0–100 scale to facilitate comparability across different domains. The QLQ C30 demonstrated 
high internal consistency, with a Cronbach’s alpha of 0.851454.

Distress thermometer (DT)
The DT, recommended by the National Comprehensive Cancer Network for screening distress in patients 
with cancer, involves a single question: “How distressed have you been over the past week, including today?” 
Participants rated the number on a Likert scale ranging from 0 (not distressed) to 10 (extremely distressed). The 
DT was translated and employed to screen for psychological distress in a previous study involving Vietnamese 
patients with cancer55.

Hospital anxiety and depression scale (HADS)
The HADS is one of the most commonly used instruments in cancer-related contexts. This 14-item self-report 
questionnaire was utilized to screen for anxiety (HADS-A) and depressive states (HADS-D) in patients in 
nonpsychiatric settings. Each subscale consists of seven items with a 4-point response, with scores ranging from 
0 to 21 for each subscale. We employed the Vietnamese version of the HADS used in previous studies56. In this 
study, the Cronbach’s alpha for the HADS was 0.7955, indicating adequate internal consistency54,57.

Mindful attention awareness scale (MAAS)
The MAAS was developed to evaluate critical aspects of trait mindfulness, characterized by awareness of and 
attention to the present moment58. The 15-item self-response scale assesses how often individuals experience 
mindfulness in daily life, using a Likert scale ranging from 1 (almost always) to 6 (almost never). The average 
score of all 15 items was used to calculate the MAAS. This scale has been widely used across various groups, 
including patients with cancer, to demonstrate its suitability and applicability in assessing the role of trait 

Scientific Reports |        (2025) 15:24561 8| https://doi.org/10.1038/s41598-025-09550-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


mindfulness in psychological health. In this study, Cronbach’s alpha for the MAAS was 0.8791, indicating 
adequate internal consistency57.

Statistical analysis
Network analysis was performed using the open-source R software. As all variables did not meet the assumption 
of normal distribution, the nonparanormal transformation method (“huge.npn” function) was applied to align 
the data with Gaussian Graphical Model (GGM) assumptions59.

Network estimation
The network was visualized using the “qgraph” package, where each node represented a variable, and edges 
reflected partial correlations between nodes. To optimize the model selection for the GGM, we applied graphical 
the Extended Bayesian Information Criterion (EBIC) with regulated LASSO (Least Absolute Shrinkage and 
Selection Operator) (λ = 0.4). This approach ensures a sparse and interpretable network that captures crucial 
relationships without omitting critical connections. Edge weights indicated the strength of conditional 
dependencies between nodes, accounting for the influence of other nodes in the network60.

Modularity analysis
In this study, after estimating the network using the “qgraph” package and extracting the weighted matrix, 
all edge weights in the network were converted to absolute values to ensure consistency in the calculation of 
centrality measures61,62. Next, we performed community detection using the “igraph” package in R to evaluate 
the community structure of the graph. Community detection identifies clusters of nodes within the network that 
exhibit higher internal connection density compared to their connections with nodes outside the group61. Three 
main algorithms have been applied for community detection: optimal, spin-glass, and walktrap62–64. The results 
of these algorithms were compared by selecting the algorithm with the highest modularity scores. As a rule 
of thumb, a modularity value greater than 0.3 indicates a significant community structure65. In addition, after 
community detection, bridge strength is calculated using the “igraph” package in R. It quantifies the importance 
of a node in connecting multiple communities by summing the edge weights between the node and those in 
different communities61.

Edge weight accuracy and stability
The accuracy of the edge weights in the network was evaluated using the “bootnet” package. We performed 1000 
bootstrap samples to assess the values surrounding the edge weight, estimating 95% confidence intervals across 
multiple samples generated by randomly resampling the original data with replacements. If the confidence 
intervals do not include zero values, this indicates that the edge weights are highly reliable, and the correlations 
between nodes in the network are stable59.

Centrality indices, CS, and expected influence
The centrality indices employed in this analysis were node strength, betweenness, and closeness. Node strength 
reflected connectivity; closeness measured how quickly a node reached others; and betweenness indicated how 
often a node acted as a bridge. These indices were standardized to z-scores to compare node importance.

CS, estimated using the CS coefficients, assessed the accuracy of these indices. We used bootstrapping with 
CS via the R package “bootnet” to evaluate how much data could be excluded while maintaining a correlation 
of at least 0.7 with the original sample. CS coefficients above 0.25, and ideally above 0.5, were recommended60.

Expected influence, as an extension of strength centrality, measures the total impact of a node in a network by 
considering both the magnitude and direction of the connection. Unlike other centrality indices, this approach 
evaluates not only the direct influence between nodes but also their indirect influences. Therefore, it enables the 
determination of whether a given node plays a central role within the entire network. This is particularly useful 
in psychological and social networks, where the influence helps identify the most impactful nodes and guide 
effective interventions66.

Relative importance analysis
The node with the highest centrality index was selected as the dependent variable for the relative importance 
analysis. To evaluate the relative importance of each node concerning emotional functioning, we utilized the 
“relaimpo” R package. This approach focused only on the nodes that exhibited significant correlations with 
emotional functioning in the stepwise final model. The contribution of each independent variable was measured 
using the “lmg” metric, which allocated explained variance (R2) among predictors The “always” parameter was 
applied to the trait mindfulness variable, based on its highest expected influence, to explore its inclusion in every 
model subset. Variables with high “lmg” values were identified as significant contributors, while those with 
low values had minimal impact. To confirm the robustness of these “lmg” estimates, we calculated bootstrap 
confidence intervals; if the confidence interval for the difference between two “lmg” values did not include zero, 
it indicated a meaningful difference in their contributions67,68.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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